
 
 
 

 ARL-TR-8333 ● APR 2018 
 
 
 

 US Army Research Laboratory 

 
 
The Philosophy, Theoretical Bases, and 
Implementation of the AHAAH Model for 
Evaluation of Hazard from Exposure to Intense 
Sounds 
 
by G Richard Price and Joel T Kalb 
 
 
 
 
 
 
 
 
 
 
 
Approved for public release; distribution is unlimited. 



 

 

NOTICES 
 

Disclaimers 
 

The findings in this report are not to be construed as an official Department of the 
Army position unless so designated by other authorized documents. 
 
Citation of manufacturer’s or trade names does not constitute an official 
endorsement or approval of the use thereof. 
 
Destroy this report when it is no longer needed. Do not return it to the originator. 



 

 

 
 
 

 ARL-TR-8333 ● APR 2018 

 
 US Army Research Laboratory 

 
 
The Philosophy, Theoretical Bases, and 
Implementation of the AHAAH Model for 
Evaluation of Hazard from Exposure to Intense 
Sounds 
 
by G Richard Price 
ALTUS Engineering, Darlington, MD 
 
Joel T Kalb 
Human Research and Engineering Directorate, ARL 
 
 
 
 
 

 
 
 
Approved for public release; distribution is unlimited.



 

ii 

REPORT DOCUMENTATION PAGE Form Approved 
OMB No. 0704-0188 

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the 
data needed, and completing and reviewing the collection information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing the 
burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. 
Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number. 
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 

1. REPORT DATE (DD-MM-YYYY) 

April 2018 
2. REPORT TYPE 

Technical Report 
3. DATES COVERED (From - To) 

1 January 2016–1 March 2017 
4. TITLE AND SUBTITLE 

The Philosophy, Theoretical Bases, and Implementation of the AHAAH Model 
for Evaluation of Hazard from Exposure to Intense Sounds 

5a. CONTRACT NUMBER 
 

5b. GRANT NUMBER 
 

5c. PROGRAM ELEMENT NUMBER 
 

6. AUTHOR(S) 

G Richard Price and Joel T Kalb 
5d. PROJECT NUMBER 
 

5e. TASK NUMBER 
 

5f. WORK UNIT NUMBER 
 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

US Army Research Laboratory 
ATTN: RDRL-HRF-C 
Aberdeen Proving Ground, MD 21005 

8. PERFORMING ORGANIZATION REPORT NUMBER 

 
ARL-TR-8333 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

 
10. SPONSOR/MONITOR'S ACRONYM(S) 
 

11. SPONSOR/MONITOR'S REPORT NUMBER(S) 
 

12. DISTRIBUTION/AVAILABILITY STATEMENT 

Approved for public release; distribution is unlimited. 
13. SUPPLEMENTARY NOTES 
 

14. ABSTRACT 
The Army has adopted the Auditory Hazard Assessment Algorithm for Humans (AHAAH) as the method of assessing 
impulsive noise hazards in the MIL-STD 1474 Military Noise Standard (2015). AHAAH is a physiological-dynamics-based 
advance over nonphysical, wholly empirical, external energy-damage correlation methods for evaluating hearing damage risk 
associated with impulsive noise exposure. AHAAH applies the physical auditory dynamics of the external, middle, and inner 
ear, to biomechanically model the ear’s response to impulsive sound and determine the strain-induced damage occurring in the 
cochlea’s organ of Corti. AHAAH’s physical dynamics includes observed nonlinear behavior in the middle ear. AHAAH is 
validated against the measured results of human exposures to impulsive sounds, and unlike wholly empirical correlation 
approaches, AHAAH’s physical basis gives it improved applicability in estimating the auditory risk caused by impulses not 
previously considered. The Hearing Protection Module of AHAAH allows the evaluation of hearing damage risk for persons 
using hearing protection when exposed to impulsive noise. The module includes nonlinear hearing protectors as well as many 
linear protectors. Research and development supporting the creation of AHAAH are described, along with potential 
approaches for continued improvements in AHAAH and in the assessment of auditory hazards associated with impulsive 
noise exposure. 
15. SUBJECT TERMS 

impulse, auditory hazard, damage risk, assessment, electroacoustic analogy, noise standard  

16. SECURITY CLASSIFICATION OF: 
17. LIMITATION 
       OF  
       ABSTRACT 

UU 

18. NUMBER 
       OF  
       PAGES 

90 

19a. NAME OF RESPONSIBLE PERSON 

Dr Paul D Fedele 
a. REPORT 

Unclassified 
b. ABSTRACT 

Unclassified 
 

c. THIS PAGE 

Unclassified 
 

19b. TELEPHONE NUMBER (Include area code) 

(410) 278-5984 
 Standard Form 298 (Rev. 8/98) 

 Prescribed by ANSI Std. Z39.18 



 

Approved for public release; distribution is unlimited. 
iii 

Contents 

List of Figures v 

List of Tables vi 

1. Introduction 1 

2. Hearing Science and the AHAAH Model 2 

2.1 Historical Context 4 

2.2 A New Approach to Hazard Assessment: The AHAAH Model 6 

2.3 Unique Features 8 

2.4 Commitment to the Physiological Model and Its Interpretation 9 

2.5 Limits on the Interpretation of the AHAAH Model 10 

3. Development of the Model: Insights from Basic Research 11 

4. Basic Modeling Considerations 13 

4.1 Contributions of the Middle Ear 15 

4.2 Middle Ear Muscle Effects 18 

5. The Model in Quantitative Detail 22 

5.1 The Conductive Path 22 

5.2 Cochlear Susceptibility 23 

5.3 Opportunities to Adjust the Model 28 

5.4 Stapes to BM Transfer Functions 30 

5.5 Confronting the Model with Data and Adjusting It 31 

5.6 Accounting for Individual Differences in Susceptibility 32 

5.7 Creation of the Human Model 35 

5.8 Additional Features of the Model 37 

5.9 “Hidden Features” 39 

5.10 Dealing with Protected Hearing 41 



 

Approved for public release; distribution is unlimited. 
iv 

5.11 HPD Performance Measures 43 

5.12 The Hearing Protection Module (HPM) 44 

6. The Problem of Which Standard to Apply for Protected Ears 47 

6.1 Mathematical Aspects of the AHAAH Model 47 

6.2 Stepping Through the Program Calculation 53 

6.3 Parameter Values and Differential Equations 55 

7. Conclusion 65 

8. References 66 

Appendix A. Physical Constant Definitions 75 

Appendix B. Computer Programming and Source Code Applications 79 

List of Symbols, Abbreviations, and Acronyms 80 

Distribution List 81



 

Approved for public release; distribution is unlimited. 
v 

List of Figures 

Fig. 1 Anatomical and circuit diagrams of the ear and its electroacoustic 
analog. The loops indicate paths through which current flows. ........... 1 

Fig. 2 Cross-sectional view of the cochlea showing the orientation of the BM 
and the organ of Corti resting on it ..................................................... 14 

Fig. 3 Diagram showing location of tip links at top of hair cells .................. 14 

Fig. 4 Attenuation produced by the middle ear muscle contraction in the 
AHAAH model ................................................................................... 21 

Fig. 5 Transfer functions in the AHAAH model for stapes displacements to 
basilar membrane displacements for pure tone stimuli....................... 30 

Fig. 6 CTS for 12 experiments with the cat ear (see text) exposed to 
impulsive sounds as a function of the auditory risk units (ARUs) 
calculated with the AHAAH model of the cat ear. Each data point 
represents the mean loss at the frequency showing greatest loss for 
both ears of 10 cats. The trend line represents the least squares fit to all 
the data. ............................................................................................... 32 

Fig. 7 Transfer function for free-field pressure to pressure at eardrum. 
Magnitude appears in the upper panel and phase in the lower panel. 
The dots are data (Mehrghardt and Mellert 1977) and the lines are the 
calculation by the model. .................................................................... 35 

Fig. 8 Transfer function for eardrum pressure to stapes volume velocity. 
Magnitude appears in the upper panel and phase in the lower panel. 
The dots are data and the lines are the calculation by the model. 
Transfer function data from Kringlebotn and Gunderson (1985). ...... 36 

Fig. 9 Circuit diagram of the 3-piston model of a hearing protective device 45 

Fig. 10 Diagram of AHAAH, an electroacoustic analog of the ear ................ 48 

Fig. 11 Transfer function for free-field pressure to pressure at eardrum. 
Magnitude appears in the upper panel and phase in the lower panel. 
The dots are data (Mehrghardt and Mellert 1977) and the lines are the 
calculation by the model. .................................................................... 50 

Fig. 12 Transfer function for eardrum pressure to stapes volume velocity. 
Magnitude appears in the upper panel and phase in the lower panel. 
The dots are data and the lines are the calculation by the model. 
Transfer function data from Kringlebotn and Gunderson (1985). ...... 51 

Fig. 13 The ladder network, corresponding ear sections, and in each section, 
the currents, in dynamically equivalent to volume velocities in the ear
............................................................................................................. 56 

Fig. 14 Details of volume element representation in ear canal ....................... 61 

Fig. 15 Annular ligament shown as one of N standard springs....................... 63 

  



 

Approved for public release; distribution is unlimited. 
vi 

List of Tables 

Table 1 List of definitions and default values for all AHAAH calculation 
coefficients included in the file "man.coe" ......................................... 57 



 

Approved for public release; distribution is unlimited. 
1 

1. Introduction 

The Auditory Hazard Assessment Algorithm for Humans (AHAAH) has moved 
from basic science to practical use in predicting hazards to the human ear from 
exposure to intense sounds, typical of gunfire (MIL-STD-1474E). As a noise 
standard it is unique in many ways. In the past, standards have been expressed as a 
simple line on a graph (MIL-STD-1474D, for example) or in a measured level 
(LAEQ8 of 85 dB). The approach in MIL-STD-1474E is very different. Previous 
standards tried to find a correlation between some standard measure of sound 
pressure and hearing loss; but in the case of AHAAH, the approach was to first 
understand the physiological processes underlying hearing loss and then find a 
measure that predicts it. In the final analysis, it is an implementation of an 
electroacoustic model of the ear—the AHAAH—that is embodied in a computer 
program. The circuit diagram of the electroacoustic model is shown in Fig. 1. The 
user provides digitized pressure histories of acoustic impulses and the model 
calculates the hazard resulting from the exposure. 

 

Fig. 1 Anatomical and circuit diagrams of the ear and its electroacoustic analog. The loops 
indicate paths through which current flows.  

In the long term, it is important that the model remain applicable to military 
situations, and the algorithms within the model remain calculable no matter how 
future computer operating systems and programming languages may change. In 
order to ensure that in the future it (and any amended successor) remains compatible 
with the practices and the then-current computational system(s), we write this 
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report to make explicit the basic assumptions and philosophy determining the 
approaches used in forming the model, and further, to document the scientific data 
supporting the variables within the model. Knowing why some particular 
construction is used may be as useful as documenting the choice of a specific value 
or calculational procedure. Hopefully, these thoughts will assist those involved in 
a configuration management program in carrying out their responsibilities while 
retaining or improving the model’s scientific validity. Recent experience has shown 
the need for such a document as this. A paper by Zagadou et al. (2016) was critical 
of the AHAAH model, and proposed changes. We reviewed the paper (Price et al. 
2017a, 2017b) and found it to be seriously flawed in many aspects. A discussion, 
such as the present one, might have promoted a better outcome.  

To that end, we produced this report aimed at specific audiences: 1) the 
administrator or hearing scientist concerned with the scientific issues behind the 
AHAAH model, 2) the programmer or scientist associated with the details 
regarding the choice and use of the variables in the AHAAH model, and 3) the 
programmer concerned with the algorithms used in the model’s calculations. Taken 
together, we believe that we addressed most of the issues that might arise in 
maintaining the AHAAH model as a standard. 

2. Hearing Science and the AHAAH Model 

In this section, we will attempt to provide a unifying conceptual context for hazard 
evaluation, which includes brief comments on the contrasts between the new 
method and existing methods of hazard analysis. Discussion will reference the 
literature involved in the development and validation of the AHAAH model, rather 
than reproduce it. We will focus on both the science and the philosophy underlying 
critical elements of the ear’s physiology that must be accommodated for accurate 
predictions. These are non-arbitrary issues that must be accounted for. We will also 
cover the basis for the model's design and the implications for its use, comparing 
and contrasting it with alternate procedures. In addition, we will address its 
validation and the issues associated with the available data sets usable in evaluating 
a damage risk criterion (DRC) for intense sounds. 

The problem of a “conservative bias” in standard development. From the 
standpoint of the hearing conservationist, the primary focus of a noise standard is 
protecting Warfighters from developing hearing loss associated with noise 
exposure. Such noise exposures must be limited on humanitarian grounds and, 
alternatively, in the national interest, limits are essential to preserving an effective 
fighting force. A conservative approach of this sort is clearly justified and has been 
the motivating force behind health hazard assessments for weapons noise. 
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An alternate viewpoint applies as well. This noise standard is designed for use in a 
military setting, to include the design and use of weapons. From a tactical 
standpoint, more effective weapons—typically more powerful weapons—are an 
asset. Increased power and range save our Soldiers’ lives. However, more power 
tends to be accompanied by increased noise. A 3-dB change in pressure (not a large 
change in the world of hearing conservation) reflects a 50% change in energy—a 
massive change where weapons performance is concerned. From the operational 
perspective, preservation of life is greatly enhanced by attacking from outside the 
range of the enemy’s weapons—conservatism of another sort. Reducing sound 
exposures just to protect hearing is not acceptable. A good answer must include 
mission success, as well as preserving both lives and hearing.  

Requirements for and effects of hearing protection devices (HPDs). The sound 
fields associated with virtually all impulse-producing weapons are potentially 
hazardous and hearing protection should be worn. However, HPDs increase the 
complexity of dealing with the hazard. There is little doubt that a properly fitted 
and worn HPD will protect the ear from almost all exposures. That is the good 
news.  

The secondary effect of the HPD is that its attenuation will effectively reduce the 
wearer’s sensitivity to all sounds. This results in a loss of auditory situation 
awareness (especially critical for the infantry), as well as in a greatly reduced ability 
to understand speech. The seriousness of this loss in a military setting has only 
recently come to be appreciated (Sheffield et al. 2016). For example, in a quiet 
setting, with a good ear, one can hear an individual walking in leaves about 100 m 
away (Price et al. 1989). This implies that a sentry would have about 2-min warning 
that someone was approaching. But with a relatively small hearing loss, the sentry 
has no warning—a life-threatening situation in combat. 

In another context, research on the effect of speech intelligibility on military 
performance suggests that there is a 1:1 correspondence between speech 
intelligibility and mission success (at least for armored operations) (Peters and 
Garinther 1990). A change in speech intelligibility could be brought about by a 
variety of factors, such as the quality of the communication system or the Soldier’s 
ability to hear. Thus, a 20% change in speech intelligibility resulted in a 20% 
change in mission success. There is little we could do to a tank—increase weapon 
accuracy, reduce fuel consumption, etc.—that could have such a large effect. Good 
hearing is essential to effective military performance. 

The combat Soldier faces a particular problem—do not wear hearing protection and 
lose your hearing (and your effectiveness as a Soldier), or wear hearing protection 
and reduce your hearing sensitivity. This “damned-if-you-do and damned-if-you-
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don’t” dilemma has resulted in the development of HPDs that are nonlinear (i.e., 
they attenuate little at lower sound pressure levels [SPLs], where the Soldier needs 
to hear); but their attenuation increases as the level rises (where the Soldier needs 
protection). As we will see later, describing the performance of these HPDs remains 
something of a challenge.  

Thus there is no “safe error” to make in the interests of conservatism. Both over-
restrictive standards and under-restrictive standards must be avoided. An 
appropriate standard needs to be an accurate reflection of the true state of affairs. 
The organization must then determine just what risks must be taken.  

2.1 Historical Context 

For the American military, the problem of predicting and ameliorating the effect of 
very intense sounds on hearing can be traced to our experience in World War II. 
Our knowledge began to grow very slowly. Given the primitive state of acoustic 
instrumentation in those years, the inherent difficulty of working at very high SPLs, 
the very limited knowledge of the ear’s behavior at high intensities, as well as a 
lack of official interest in producing funding for science, research in the early years 
was understandably sporadic and largely descriptive. Nevertheless, given the need 
for some method of assessing hazard, by the 1960s and 1970s several attempts had 
been made to relate some parameters of the measured sound to potential hazards 
for the human ear. In the US and the UK an approach based on the work of Coles, 
Garinther, Hodge, and Rice (1967, 1968) was the basis for MIL-STD-1474; the 
Netherlands had the Smoorenburg criterion (Smoorenburg 1982); and Germany 
had the Pfander criterion (1975). They all had been developed primarily with 
evidence from small arms exposures, depended on measures of peak pressure and 
differing measures of duration, and were essentially linear. In no case did they take 
specific account of the acoustic or physiological characteristics of the ear. They 
focused on finding a measure of the sound, which could be reliably made, and 
empirically relating it to hearing loss by correlational techniques. The ear was 
treated as a “black box” and higher sound pressures and longer durations–variously 
defined—were associated with greater hazard. By the 1980s it had become apparent 
that the existing standards did not work, especially for large-caliber weapons 
impulses, where they overpredicted hazard. A new method of hazard evaluation 
was clearly needed. 

In the same vein, A-weighted energy had been proposed as a measure that could be 
correlated with hazard. Insofar as the A-weighting function is derived from 
measurements of the loudness of a sound, it does begin to open the black box of the 
ear and reflects the characteristics of the conductive path. It has the advantage of 
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being relatively easily measured and is now widely used in the evaluation of noise 
hazard from common industrial sources (sound pressures from 80–85 dB up to 110–
115 dB). It has been considered by some as a measure up to the very highest levels 
(185+ dBP). However, research has shown that an A-weighted level that is tolerable 
for rifles differs from the tolerable level for cannons by 20–25 dB (Murphy et al. 
2009; Price 2007)—with energy from cannons being more tolerable. In any event, 
as we shall see, all these approaches lack the theoretical base needed to address the 
true complexity of the ear's response to intense sounds at the level of gunfire (145–
185+dBP). 

An important side-issue with respect to the use of A-weighting for rating hazard 
relates to the nature of the loss mechanism being modeled as the pressures rise from 
85 to 185 dB. Some have argued in favor of the use of an energy measure over the 
entire range (Murphy and Kardous 2012). However, the data on loss argue in the 
strongest terms that such a procedure is irrational. One of the arguments in favor of 
the use of A-weighted energy as a criterion measure over the full range of pressures 
is convenience—it would allow the evaluation of combined exposures to both 
intense impulses and continuous noises at much lower levels (a common 
combination). It is true that it is physically possible to make such a measure and it 
would, indeed, be convenient if it were valid.  

However, the ultimate question is whether or not it is rational to do so. The essential 
problem is that it has long been established that the loss mechanisms operative in 
the ear change as the level rises. At lower levels common in industrial settings (85–
100 dB), the losses accumulate as a function of the logarithm of the exposure time 
and will recover within 16 h or so. Such exposures can be repeated daily for many 
years and permanent losses grow slowly. For such exposures, databases such as 
those in ISO-1999 and ANSI S3.44 can be used to estimate the threshold shifts from 
such exposures. At the physiological level, the loss mechanism is conceived as 
metabolic exhaustion—the ear is tired out. At higher levels (above about 140 dB) 
things change dramatically (Price 1981). The losses accumulate in linear time, 
recoveries are extended and may not run to completion, and permanent hearing loss 
can occur from one exposure. At the physiological level, the damage mechanism 
has changed to one of cellular disruption; the ear is being “torn up” not “tired out”. 
It is obvious that if these things are true, no matter how convenient it would be to 
calculate a single energy measure, lower level and higher level exposures simply 
cannot be treated as equivalent. In fact, the AHAAH model, which will be described 
next, was developed specifically to deal with losses at levels above 140 dBP.  
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2.2 A New Approach to Hazard Assessment: The AHAAH Model 

In contrast to the previous approaches, the AHAAH was developed from a 
theoretical perspective—if we first understand the damage processes at work in the 
ear, a predictive metric could be devised. The decision to work using a first-
principles approach was made deliberately, recognizing that it involved great 
technical complexity and that such an approach had not been used before in the 
development of a DRC. However, the important advantages of such an approach—
should it succeed—resulted in the decision to make the model an electroacoustic 
analog of the ear that is conformal with the structure of the ear. Each point is worth 
examining. 

Electroacoustic models have been used successfully in describing dynamic 
systems, such as loudspeakers. Arguably, the ear is like a loudspeaker being driven 
in reverse. Therefore, electroacoustic descriptions of the ear’s behavior are 
mathematically tractable and commonly used because they reflect the integrated 
behavior of a system. The use of such tools has much to recommend it. 

The second consideration was to try to maintain parallelism between the anatomical 
structure of the ear and the elements in the model. Generally speaking, scientists 
argue that for efficiency and simplicity’s sake, it is wise to keep the number of 
variables in a theory to a minimum. In that spirit, it would have been possible to 
conceive of the external and middle ears as a band-pass filter conducting best in the 
2–4 kHz region (for the human ear). Such a filter can be described relatively simply. 
However, to maintain conformality between the model and the ear, we identified 
the physiological elements involved in acoustical energy transfer from free sound 
field to the stapes, including head-induced diffraction and reflections within the ear. 
Inclusion of these elements produced a great deal of additional complexity—in one 
sense, a disadvantage—but their inclusion produced the capacity to generate 
engineering insight into the mechanisms at work and the potential for evaluating 
subtle elements of the ear’s response. These elements were translated into a 
schematic diagram using the electroacoustic analogy (Fig. 1). Regions moving in 
phase (such as each ossicle) were approximated by a lumped-parameter circuit 
component. More extended objects, such as the ear canal or the eardrum, were 
subdivided (i.e., they were divided into sections that are small compared to the 
highest frequency of interest [hence move in phase] or else are modeled as 
transmission lines). The result is that the AHAAH model has some 69 variables. In 
science, simpler may be better in most circumstances, and such a large number of 
variables may seem daunting. We have found that the results have been worth the 
effort. 
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Conformality with the physical structure maximizes the utility of the model as well 
as provides for the possibility of engineering insight and innovation. For instance, 
because head-related transfer functions and the ear canal effects are separately 
calculated, it is possible to evaluate the effects of HPDs applied over the ear or 
alternatively in the ear canal. If, in the future, an HPD over- or under-pressurized 
the external ear canal, that effect could be evaluated. The AHAAH model offers 
innovators maximum flexibility.   

Admittedly, having a large number of variables means that there are many 
opportunities to “get it wrong”. There is, however, a safety net—reality. 
Fortunately, most of the variables relate to real physical elements whose properties 
are known or can be reasonably estimated. Heads are only so big, the bones of the 
middle ear have masses and sizes that are known, the ear canal has a limited range 
of dimensions, and so forth. Values chosen for such variables have to be 
anatomically reasonable. That being said, there are situations in which the exact 
physical size may not be the “best” value. A microphone, for example, may be a 
half-inch in diameter; but because its diaphragm is rigidly fixed at its 
circumference, its “effective size” is somewhat smaller. Or the stapes in the human 
ear moves with a rocking motion, making it a dipole radiator rather than a simple 
piston. Therefore, its effective size is smaller than its physical size. Such allowances 
were made in the modeling used here. Our ultimate goal was to have the model 
match the transfer functions as closely as possible.   

We needed to get the transmission transfer functions correct and we could because 
the transfer functions from the free field to the cochlear entrance—both magnitude 
and phase—are known. If the model matches these, then we can be confident that 
it is correctly representing the elements of the conductive path. Getting good 
agreement between the model and the transfer function(s) was the touchstone in 
establishing values for the variables. We have already noted that maintaining 
parallelism between the model’s elements and the ear’s physiology promotes both 
flexibility and insight. The overwhelming advantages of such an approach have 
been that it 1) enhances generalizability and 2) enables insights into mechanisms 
that could be exploited to reduce auditory risk, as well as promotes the design of 
weapons systems that are both more effective and inherently less hazardous. 
Consider each of these issues in turn. 

Generalizability. As previously noted, most standards have been developed with 
correlational techniques in which ears were exposed to some given type of impulse 
and the effect on hearing threshold measured. In such a case, one can use the results 
to predict confidently (given that within- and between-subject variables are not a 
problem), so long as any new test impulses or other variables are exactly like those 
used in the original tests. MIL-STD-1474D, for example, was based almost entirely 
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on unprotected exposures to small-arms fire. The problem is that in practice, new 
impulses are often very unlike those used in the standardization studies and 
considerable extrapolation is necessary. This is particularly dangerous when it is 
not clear that there is a meaningful continuum along which impulses are being 
ranked. For example, the previously existing standards used peak pressure, 
duration, or energy, which at first blush would appear to relate to hazard. However, 
experience has shown that there are other variables internal to the ear that are 
critical in the development of hazard, and as a result the traditional variables tend 
to fail badly (i.e., energies and durations greatly over-predict the hazard from large 
caliber weapons (Murphy et al. 2009; Price 2007). If, on the other hand, the 
criterion is theoretically based, the relationship between the measurements and the 
variable(s) producing hearing loss are more closely related, predictive ability 
increases, and the risks associated with extrapolation are very much smaller (not 
every new impulse affects the ear like the “old” ones).  

Insight. In addition to generalizability, the theoretical approach offers the potential 
for meaningful design insight, enabling the creation of less hazardous products, as 
well as the potential for improved system performance. For example, if we measure 
the weighted energy in an impulse as is typically done, then we lose the information 
in the waveform regarding exactly when in the impulse the energy was delivered 
(we look at only the magnitude of the frequency-domain information and ignore 
the phases). However, the ear operates in the time domain—it contains 
displacement-related nonlinearities, which means that exactly where things are at a 
particular moment is important. This gain in analytical power can be critical to the 
assessment of hazard. 

2.3 Unique Features 

In addition to making a numeric assessment of hazard, the model does something 
unique—it makes a “movie” of the evolution of hazard during the analysis period. 
Thus, for the first time, it is possible to relate specific portions of the waveform to 
the development of hazard. As we have just argued, for some impulses the exact 
sequence of events is critical. Calculations with the AHAAH model and their 
realization in experimental data have demonstrated that the exact timing of the 
peaks and dips in the waveform does matter for particular impulses. For example, 
in the presence of a peak-clipping nonlinearity produced by the stapes suspension, 
the timing of peaks and dips in the waveform is important in determining the energy 
that gets transmitted to the cochlea, the primary damage site. Using this feature of 
the AHAAH model, it has been calculated that exposure to automotive airbag noise 
should be safer with the windows closed rather than open, even though the 
pressures are higher (peak clipping during the higher pressure reduces the flow of 
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energy to the inner ear) (Price 2006a). Happily, Sommer, and Nixon (1973) had 
found this mechanism explained their otherwise paradoxical results with human 
subjects (Ss) exposed to the elements of airbag noise. Or, it has been experimentally 
demonstrated that an impulse from a rifle with a muzzle brake can be no more 
hazardous than the impulse from a standard weapon (Price 2003), in spite of the 10 
dB higher peak pressures and energies associated with the muzzle brake.  

If a DRC evaluates only peak pressure, duration, or energy, then the only advice 
that can be given to the designer is to reduce what was measured—advice, which, 
if followed, may not actually result in a safer exposure or may have other 
unacceptable consequences (i.e., reduced peak pressure resulting in greatly reduced 
range in a weapon system; proximity to an enemy holds its own distinctive 
hazards). With the theoretical insight that can be provided by an approach using the 
AHAAH model, however, the potential exists for weapons to be designed and 
deployed in ways that are both safer and more effective. 

The advantages of enhanced generalizability and the ability to produce engineering 
insight commended the theoretically based approach. The additional administrative 
processes necessary to maintain such an electroacoustic model are manageable and 
a small price to pay for greatly enhanced accuracy and efficiency in the US 
Department of Defense’s efforts to support the Warfighter in combat. 

2.4 Commitment to the Physiological Model and Its 
Interpretation 

All the foregoing points being made, the choice of a model faithful to the ear’s 
physiology brings obligations with it as well. The word “model” is often used rather 
loosely and many “models” are much less formal than AHAAH. For instance, 
someone may simply propose that the phenomenon being analyzed can be 
adequately described by a particular mathematical function or other measure (e.g., 
hazard can be modeled by a response to the A-weighted energy in it). Then if a 
particular LAeq8 does not fit a particular data set, the “model” can be changed and a 
level that fits better can be proposed. Statistical fits to data sets are often models of 
this sort.  

If, however, the AHAAH model’s predictions should not fit the data, the process of 
resolution is much more complex. Its elements have physical meaning. If the model 
makes a bad prediction, then the modeler has to figure out what aspect(s) of the 
modeled ear’s structure or operation needs to be changed to produce an accurate 
prediction—a nontrivial exercise, as all the aspects of the ear’s performance need 
to be properly fit at the same time, from the transfer functions to the hearing loss 
data.  
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2.5 Limits on the Interpretation of the AHAAH Model 

As with any theory or evaluative scheme, there are limits to the application of the 
AHAAH model. The restrictions on interpretation of the model’s output are 
rationally based. The formula that relates auditory risk units (ARUs) to hearing loss 
is empirically established (the formula came from a best fit to the 12 different 
exposures with the cat ear [see Fig. 5]). It predicts no compound threshold shift 
(CTS) for 200 ARUs—a reasonable outcome. On the other hand, it also calculates 
“negative CTS” for less than 200 ARUs (e.g., –79 dB for 10 ARUs). Such 
interpretations should be eschewed as unreasonable extensions of the model output. 
Likewise, at the other end of the scale, high numbers of ARUs also have limits to 
their real meaning. For example, an exposure of 3,000 ARUs predicts a CTS of 73 
dB and an eventual permanent threshold shift (PTS) of over 40 dB. Research has 
shown that a 40-dB PTS implies that there are essentially no outer hair cells left at 
that site in the cochlea. Therefore, it is meaningless to discuss losses at a particular 
location involving more than 100% of the available cells. Higher exposures would, 
of course, affect the inner hair cells, which are normally more resistant to damage 
and would probably also be associated with outer hair cell loss at more distant 
locations. Nonetheless, there are upper limits to meaningful interpretation.  

It is also true that there are limits to the range of sound pressures that AHAAH can 
reasonably be expected to accommodate. It was originally designed for application 
to the region of intensity where the loss processes are essentially mechanical in 
nature—in the 140 dB and upward region. Most of the tests with human Ss have 
been done with impulses whose peak pressure levels (PPLs) have been in the rifle 
to rocket range—roughly 155–185 dBP. In that range, AHAAH has predicted 
accurately. It is not clear how much lower in pressure an accurate analysis could 
still be achieved. In fact, the pressure range from about 110–115 dB to 145 dBP is 
something of an unknown region where the metabolic loss processes and the 
mechanical loss processes blend. It is reasonable to suppose that the relationship 
between exposure and loss might be very complex, indeed. Some data on the cat 
ear and the cochlear microphonic have demonstrated that in that pressure regime, 
the timing of rest and exposure sequences can result in half (or double) the loss, 
depending upon whether or not recovery processes are interrupted (Price 1974, 
1976). This area could use much additional research. 
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3. Development of the Model: Insights from Basic Research 

The requirement for animal tests. The research program that has culminated in 
the AHAAH model involved data from studies that have used both animal and 
human ears. It is worth spending a few moments to document a few of the 
philosophical issues associated with integrating the data from more than one 
species. In the present case, it can be quickly seen that for ethical reasons it was 
necessary to use animal Ss for some data. We were trying to predict hazard that 
included tissue damage that would result in permanent hearing loss. To have the 
assurance that predictions of permanent loss were valid, it was necessary to actually 
produce such losses; however, it would be unethical to use human ears for such 
tests. The use of animal subjects thus has the advantage of allowing the full range 
of exposures and their effects to be observed. 

Limitations on data when human Ss are used. In passing, we note that even 
though auditory damage testing may continue within the confines of animal use 
regulations, the basic interest is in predicting effects for human ears. And if 
extrapolation from animal data to predicting human effects is to be supported, some 
human data set is needed that will allow a comparison with the animal data. 
Obviously, where human ears have been used—as, for example in the US, in the 
early studies in the 1960s by Hodge and Garinther at the US Army Human 
Engineering Laboratory, or in the later studies by Johnson, Patterson, and their 
collaborators in the “Albuquerque Studies”—great care was taken to assure that 
only the signs of incipient damage were observed. Additionally, we have very 
limited data for temporary losses over 25 dB or for true permanent losses: the region 
of exposure in which we have the greatest interest. From a statistical perspective, it 
means that at the very high SPLs of interest here, the behavior of only a very small 
number of ears (i.e., the most susceptible) can be observed. For example, in the 
Albuquerque Studies where more than 200 subjects were tested (in about 2,000 
individual exposures), threshold shifts of 15 dB or larger were seen in less than 
15% (Johnson 1998; Price 2010b). Thus, with human ears we are faced with 
predicting on the basis of the upper percentiles of susceptibility—a small and an 
inherently uncertain group. When ears show no loss, that may be interesting data—
the exposure was “safe”—but we have no way of knowing just how safe the 
exposure was and, as a result, such data have limited utility in validating a damage 
model. 

Use of animal data. How might we use data from animal ears to predict for the 
human ear?  Often, analysts use no rigorous method in making comparisons; ears 
are assumed to be generally alike. Yet such assumptions are potentially conflicted. 
For example, the chinchilla ear and the human ear have almost exactly the same 
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threshold sensitivity (Miller 1970). This similarity would seem to recommend the 
chinchilla as a direct-replacement model for the human ear in noise tests. Such an 
assumption has proved to be untenable. For some reason, as yet unidentified, 
despite having the same basic sensitivity, the chinchilla ear is much more 
susceptible to loss than the human ear. 

In contrast, our approach was aimed at making the fewest assumptions regarding 
the correspondence between human and animal ears. Fortunately, mammalian ears 
are strikingly similar in their basic anatomy, even at the cellular level. On the other 
hand, their sensitivity to sound can vary considerably. Most would contend that the 
difference in sensitivity is primarily because of differences in the conductive 
processes that deliver the acoustic energy to the hair cells in the cochlea. For 
example, the basilar membrane (BM) of the elephant is only a little over twice as 
long as the parallel structure in the guinea pig, or chinchilla, or cat—animals that 
weigh only about .03% of the weight of the elephant. A moment’s reflection reveals 
that the structure of the ear, independent of the size of the animal, is primarily a 
function of the fact that the ear must match the acoustic properties of air if it is to 
function properly. So ears are similar, in part because they share an affinity for air. 
But they can differ markedly in how well and in what frequency region they 
function (e.g., the mating call of the female elephant is a very low frequency signal 
[which, happily for the elephant, travels far], but it is seldom emitted; so for the 
male elephant at least, low frequency sensitivity is highly desirable). 

In the 1960s—the beginning of our research program—we selected the cat ear as 
our animal model. It is a reasonable size, the animals were available, and because 
the cat had long served in the auditory community as an experimental animal, much 
was already known about it. Other commonly used ears are the guinea pig and the 
chinchilla, each with its adherents. (In practice, as part of participation in a NATO 
Research Study Group on Impulse Noise, the French agreed to continue using the 
guinea pig and the US Army Aeromedical Research Laboratory agreed to continue 
their use of the chinchilla. There were thus 3 animal models for potential 
comparisons [NATO 1987].)  

Strategic approach – a precis. Given the parallel physiological structures of the 
human and cat ears, the same electroacoustic model structure would, in principle, 
work for both. The models for each would, of course, differ in details—different 
sizes of the elements and so forth—but they would be made up of essentially the 
same parts arranged in the same way. In order to provide as good a technical and 
empirical base as possible, we chose to first develop the cat model. Its conductive 
path could be validated with existing measures and transfer functions. It could also 
be validated in its ability to predict hazard using noise exposures that actually 
produced damage—an important test not possible to carry out with human ears.  



 

Approved for public release; distribution is unlimited. 
13 

Once the hazard model was working correctly for the cat ear, the elements in the 
model could be changed to reflect the structure of the human ear. The conductive 
path for the human model (AHAAH) could be tested and refined with the available 
anatomical and transfer functions so that it, too, matched both the magnitude and 
phase data.  

Of course, we could not do the same sort of noise exposures with the human ears; 
however, we could proceed while making minimal assumptions about the 
correspondence between the cat and human ears. The conductive path for the 
human model was built on human data. So, from the free field to the stapes, the cat 
and human models were based on data appropriate to the species. We only needed 
to assume that the loss processes for the cat and human hair cell were similar. We 
had reached this point in the mid-1990s, having shared the development of the 
model(s) and the codes with all interested parties in NATO (Dancer 2003), the US 
civilian establishment, and the US military (Price and Kalb 1998). 

Human noise exposure data. Some noise exposures had been conducted with 
human Ss and their data (the majority as part of the Albuquerque Studies [Johnson 
1998])—both the exposure waveforms and hearing loss measures—were available 
for analysis. In all, over 70 experimental tests were analyzed (Price 2007). Without 
further adjustment, the AHAAH model’s predictions (safe vs. hazardous) were 
correct in over 95% of the instances. Using the same approach, MIL-STD-1474D 
was correct in 42% of the cases tested (only usable for protected exposures) and A-
weighted energy was correct in 25% of the cases. Clearly, the AHAAH model was 
doing as it should—and doing it far better than the other available methods. Note 
that the original AHAAH model was not adjusted to “fit” the human hearing loss 
data. Such an adjustment would be a normal part of creating a better model; but so 
far, there is insufficient evidence that a change would improve the model’s 
performance. However, in the event that additional data become available that 
challenge the current version of the model, it should be adjusted to improve its 
predictive capacity.  

4. Basic Modeling Considerations 

As we began our modeling, several premises, emerging from basic research on the 
physiological basis for noise-induced hearing loss, were implicit in our 
development. Those premises are as follows: 

1) The external and middle ears were, themselves, relatively immune from 
damage; however, their acoustic properties shape the energy arriving at the 
cochlea, the primary site of damage. 
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2) The primary site of the physiological processes responsible for hearing loss 
is the organ of Corti (OC) within the cochlea (Fig. 2). Even more 
specifically, it appears that the tip-links connecting the individual “hairs” 
on the hair cells were likely to be the first elements affected (Fig. 3). BM 
displacement is the forcing function that drives the OC. Furthermore, the 
active processes within the cochlea operate at lower SPLs (below 80 dB or 
so), and the cochlea we were working with at the very high levels was the 
passive cochlea seen by von Bekesy (1960). 

 

Fig. 2 Cross-sectional view of the cochlea showing the orientation of the BM and the organ 
of Corti resting on it 

 

Fig. 3 Diagram showing location of tip links at top of hair cells 

3) An upward displacement of the BM (on which the OC rests) puts the tip-
links in tension (right side of Fig. 3); upward movement is both excitatory 
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at normal sound levels and is the mode in which tissue tends to fail first 
(rather than in compression – left side of Fig. 3). The primary loss 
mechanism is, then, likely to be mechanical stress at the level of the tip-
links produced first by upward displacements (related to outward 
displacement of the eardrum and stapes). 

4) Finally, the loss processes change character as intensity rises. At lower 
intensities common to most industrial noises (85–100 dB), they are related 
to metabolic exhaustion—processes that would recover and could be 
repeated daily for many years with loss growing slowly over time (Hirsh et 
al. 1952). Loss and recovery processes at these levels are a logarithmic 
function of time (Price 1968, 1972; Ward et al. 1959). However, at the very 
highest intensities, loss processes become essentially mechanical in 
character. They grow as a linear function of time—or number of stress 
cycles (Price 1968, 1972; Ward 1962)—and recovery is delayed, proceeds 
slowly (hours to months) (Price 1981), and it likely does not go to 
completion (Hamernik et al. 1988; Luz and Hodge 1971; Price 1983). (As 
we noted earlier, the intensity realm between the clearly metabolic and the 
obviously mechanical loss region remains something of a “terra incognita”.  
The 2 mechanisms must blend in some fashion. At present, we do not know 
enough to specify any values; but the relationship between the loss and the 
stimulation is likely to be very complex [Price 1974, 1976].) 

Taken together then, the premises suggest that in order to predict changes in hearing 
from very intense sounds for mammalian ears, we need to focus on predicting 
mechanical stress at the tip-links of the hair cells from acoustic pressure histories 
in air.  

4.1 Contributions of the Middle Ear 

We have noted that the conductive path to the inner ear makes a major contribution 
to the sound arriving at the cochlea by acting as an acoustic filter. But beyond that, 
the middle ear introduces a number of critical nonlinearities into the system, 
considerations that are important in establishing an accurate model of the ear. 
Specifically, its suspension limits the motion of the stapes (a displacement-related 
nonlinearity), and the middle ear muscles introduce a time varying nonlinearity that 
varies with frequency. We will consider spectral tuning, displacement limitation, 
and middle ear muscle effects in turn. 

Spectral tuning. The outer and middle ears act like a bandpass filter, transmitting 
sound best in the midrange, while cutting off at low frequencies because of stiffness 
(at about 12 dB/octave), and at high frequencies because of mass (at 18 dB/octave). 
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These elements are largely responsible for the U-shape of the human audiogram. 
Alternatively, the relationship between the spectrum of the sound and hazard is 
complex. Given a rifle impulse and an impulse from a cannon with the same peak 
pressure (spectral peaks differ by more than 3 octaves), the rifle impulse is much 
more hazardous, even though measures of energy and duration (used by the 
traditional hazard assessment procedures) are much greater for the cannon (Price 
1983). In essence, the rifle impulse has its energy nearer the midrange where the 
ear conducts energy well, and the cannon impulse has its energy in the low-
frequency region, where the ear conducts energy less well. Accurate representation 
of the energy actually arriving at the cochlea required that the AHAAH model 
reproduce the conductive path from the free field to the stapes in the time domain 
(exact patterns of displacement matter). In contrast, the measures of hazard using 
measures of pressure and duration (MIL-STD-1474D; Smoorenburg 1982; Pfander 
1975) take no account of the spectral distribution of energy. The A-weighted energy 
measure does account for the spectral distribution of energy (where the middle ear 
is not displacement-limited). Nonetheless, by operating linearly in the frequency 
domain, at high SPLs the A-weighted energy measure misses critical parts of the 
ear’s response, which, as we have seen, results in inaccurate predictions. 

Displacement limiting. Further, basic research indicates that the middle ear 
becomes a peak-clipper at very high intensities. While it is remarkably linear over 
a wide dynamic range (up to approximately 130 dBP), there are limits as to how 
much the middle ear structures can move, a critical issue for hazard assessment 
(Price 1974). The annular ligament of the stapes, the first element of the middle ear 
to become nonlinear, limits the stapes displacement to a few tens of microns. In so 
doing, it produces a strong peak-clipping effect on very intense waveforms. This 
effect explains why measures not taking specific account of this nonlinearity may 
correlate with hearing loss at a lower level typical of small arms, yet fail to do so at 
the higher levels associated with large-caliber weapons. At very high levels, just 
because the impulse in air becomes more or less energetic by 10 or 20 dB, there is 
no assurance that the energy in the cochlear input will change by an equal amount. 
This explains why an LAEQ8 of 85 dB will arguably be suitable for rifle exposure, 
but an LAEQ8 of 110 dB will be suitable for large-caliber weapons impulses—a 
disparity of 25 dB (Murphy et al. 2009; Price 2007). Therefore, in order to 
reproduce this very important aspect of the ear’s physiology, the AHAAH model 
specifically includes a stapes suspension that hardens as a function of displacement. 

The level/number trading ratio myth. This same element confounds the existing 
criteria in that they need to establish a “level/number trading ratio” as part of their 
formulation. This ratio forms their calculational basis for adjusting for the number 
of rounds allowable by changing the acceptable peak pressure or vice versa. Given 
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the reality of the clipping function, it is obvious that there can be no single 
level/number trading ratio at high levels that is valid (Price 2012). A change in PPL 
produces different effects on the cochlear input, depending on just how much 
clipping is occurring (Price 2005) and the level/number trading ratio must change 
with it.  

No other standard includes the refinement of a progressive, amplitude-limiting 
conductive path. It logically follows that if other standards predict properly for 
impulses at one level, they must necessarily fail at other levels. One might 
artificially mimic amplitude-limiting by prescribing different criterion levels for 
different impulses—one level for rifles, another for cannons, and so on. Or, 
perhaps, some other formulaic trick based on something like A-duration could be 
devised (such as the one in MIL-STD-1474E). Such procedures are obviously 
flawed, in that the rules for changing from one level to another are arbitrary. 
Furthermore, there are impulses encountered in practice, which effectively 
incorporate elements at more than one level. 

In previous years, when it appeared that large-caliber weapons impulses were less 
hazardous than anticipated, the assumption was made that the hearing protectors 
worn during the exposures must have worked much better than anyone had 
previously thought they could (Johnson and Patterson 1993; Smoorenburg 1982). 
In retrospect, it now seems likely that the stapes displacement nonlinearity was 
responsible for the smaller-than-anticipated losses seen during those exposures. 
Under other circumstances it could be disastrous to depend on the apparently 
“better attenuation” of the HPDs. Clearly, a more sophisticated analytical tool, such 
as the AHAAH model, was needed. 

The broader view of “displacement limiting”. The foregoing description of 
displacement-limiting of the stapes is, at its heart, essentially correct. That being 
said, however, the displacements of the middle ear at very high intensities simply 
must become very complex and even chaotic. The bones of the middle ear are 
suspended on ligaments, which, for physiologically reasonable levels, work 
remarkably well at maintaining their orientation and operating efficiency. But when 
sound pressures rise above 150 dB or so, it is unlikely that their movements are 
anywhere near as orderly as at more normal levels (i.e., the stapes can begin to rock 
about its long axis in the oval window, the incudo-stapedial joint can slide, the ear 
drum limits displacements, and so forth). Someday it might be possible to describe 
all this accurately; but for simplicity in modeling, we have allowed the limitation 
of stapes displacement to stand in for all the “disorderly” processes that occur when 
the middle ear is overdriven. The essential point is that the energy does not get into 
the cochlea (where it can do damage to the OC) and it does not establish a “ringing” 
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in the conductive apparatus. To accomplish this, we also had to include a resistance 
term (Ramp) in the model that grows in parallel with the stapes nonlinearity.  

4.2 Middle Ear Muscle Effects 

Lastly, basic research has shown that due primarily to the contraction of the 
stapedius muscle, the middle ear muscle system produces time-varying attenuation 
of middle ear displacement capable of reducing energy transmission by 20 or more 
decibels at low frequencies (below 1000 Hz) and progressively less at higher 
frequencies. It would be simpler if we did not have to account for these effects; yet 
they are part of the normal behavior of the mammalian ear and they can and do 
produce significant attenuations that should be accounted for, especially where very 
intense stimuli are concerned.  

None of the existing criteria, other than AHAAH, make specific allowances for 
middle ear muscle activity. Industrial noise exposures are largely long exposures to 
continuous noise, and for an individual ear, a workday’s exposure would typically 
include varying levels and angles of incidence. A detailed accounting of middle ear 
muscle effects under these conditions would be difficult, especially given the 
current state of knowledge. However, since we use an A-weighted energy criterion 
for rating hazard from industrial-level noises (which does not specifically account 
for the middle ear muscles), an increase in allowable level may have successfully 
accommodated the general protection they afford. 

However, the problem of exposure to weapons noise is dramatically different. An 
exposure of a few impulses or even a single impulse lasting milliseconds may be 
sufficiently energetic that it can instantaneously produce serious permanent loss. In 
such cases, the state of the middle ear muscles before and during the exposure is 
obviously critical, and will have a major effect on the exposure the cochlea receives. 
The AHAAH model is set up to accommodate an existing contraction at the onset 
of an impulse or a muscle response that is elicited by the exposure impulse. 

Of all the elements in the AHAAH model, the question of its provision for a middle 
ear muscle contraction has, for obscure reasons, generated the greatest discussion 
in the technical community. As of this writing, the human middle ear muscle 
response to gunfire-level stimuli remains essentially undocumented. Recently, 
Flamme et al. (2015) found that a middle ear muscle response is measurable in 94% 
of the US population. There are, however, no definitive data regarding whether the 
middle ear muscles in man are conditioned in people firing weapons (i.e., do the 
middle ear muscles contract in advance of an impending impulse, if the subject is 
aware that it is coming and how much protection can be achieved?).  
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An absence of scientific documentation is not evidence that such a response does 
not exist. Rather, a few people have been curious about it for many years; but such 
evidence is not easily or cheaply obtained. Nonetheless, in the creation of the 
AHAAH model, some position and an appropriate response needed to be taken. If 
the assumption regarding the protective effect of middle ear muscles is not justified, 
then the result will be that the model does not fit the hearing loss data. We believe 
that the preponderance of the evidence is that such a response exists for the human 
ear. A middle ear muscle response is considered “normal” in the auditory clinic, as 
it is present in 94% of a normal population (Flamme et al. 2015). Many types of 
stimuli can elicit a middle ear muscle response—loud sounds, electrical 
stimulation, puffs of air, stimulation of the face, vocalization, etc.—can all do it. It 
is not just an auditory reflex, but is part of a set of facial reflexes. So, in the case of 
intense gunfire, in addition to the acoustic stimulus there are a number of 
unconditioned stimuli—facial stimuli—that can accompany the sound, each of 
which could elicit a middle ear muscle response. Unconditioned stimuli abound and 
the argument for the existence of a conditioned middle ear muscle response seemed 
almost beyond reasonable doubt.  

Should an intense stimulus be presented to an ear “unannounced”, there is a latent 
period in which the nervous system is “discovering” the loud sound and then 
another interval in which the muscular response occurs (an elicited response). The 
latent period from the arrival of the sound at the cochlea to the onset of muscle 
potentials can be as short as 9 ms, and the muscle contraction grows at a rate 
proportional to the intensity of the stimulus (a time constant of 11.7 ms at very high 
intensities) (Dallos 1964). Typically, their response takes more than 100 ms to fully 
develop (much longer at the lower intensities used in tests in audiological clinics 
and most industrial exposure). The usual comment is that the middle ear muscle 
response is too slow to be protective in the case of something like a weapons 
impulse. Surely, this is true for a single impulse arriving unexpectedly (gunfire 
impulses in the free field last only a few milliseconds).  

However, there is reason to challenge the simple textbook view. Many impulses (or 
in practice, even most impulses) are not “unexpected”. The person doing the firing 
knows he or she is shooting. In the Albuquerque Studies, the experimenters were 
very careful to include a countdown to the explosion; the second and subsequent 
impulses in a burst of machinegun fire are predictable, the weapon firer knows the 
trigger is being pulled, and so on. So the critical question is whether or not the 
middle ear muscle response in man is conditionable (i.e., can a contraction occur in 
advance of the stimulus if the owner of the ear “knows” it is coming?)  Conditioning 
has been achieved in animal ears and several investigators with a variety of 
paradigms have demonstrated that the human middle ear is conditionable, as well. 
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(Brasher et al. 1969; Djupesland 1964, 1965; Yonovitz 1976). Beyond that, the 
cognitive capacity of the human adds to the probability of a conditionable response. 
For instance, it has been shown that middle ear muscles contracted as Ss 
contemplated handling a toy that was thought to be noisy (Marshall et al. 1975). 
The evidence suggests that it is reasonable to expect the middle ear muscles can 
contract in advance of the auditory stimulus. In fact, it would be difficult to make 
the argument that we should not expect a contraction in advance of the stimulus. 
Therefore, the model includes the possibility of an anticipatory response, but does 
not require it. 

Additional research on this issue would still be valuable. If the human middle ear 
muscle response is not conditionable, it would be useful information. If a 
contraction does occur, it would be good to know how strong it is (the conditioned 
response might well be weaker than the unconditioned response), how the 
protective effects might be distributed in the population, how they might be affected 
by pre-existing losses, and so on. Whatever the findings, the model could 
accommodate them. 

It may not be commonly appreciated, but including the possibility of a middle ear 
muscle response in the AHAAH model is the conservative approach to the problem 
(from the standpoint of protecting the ears of the Soldier). There are 2 ways to think 
about it. First, by having to choose a calculation where the muscles are 
precontracted (warned) or not (unwarned), the user of the model can opt for either 
approach, rather than having to accept a single method of analysis. The unwarned 
calculation is very conservative.  

Second, we note that as the model is presently set up, we assumed that the data 
from the Albuquerque Studies reflected precontracted muscles. In them there was 
a clear countdown to the detonation—a stimulus so intense that when an unwarned 
exposure was tried, the Ss rebelled—they really wanted to brace for the arrival of 
the impulse (at the highest impulse levels in that test, the Ss referred to the exposure 
as “a whole body massage”). If we were to make no specific allowance for the 
muscle contraction, and it was occurring, we would have had to account for those 
data by reducing the sensitivity of the model—making it calculate less displacement 
within the inner ear and thereby producing a lower rating of hazard. Thus, the 
readjusted model would allow higher exposures. The problem would then be that 
the model would underpredict hazard in the case when no middle ear muscle 
response was present. The non-firer in the presence of a weapon—the unwarned 
ear—would be at such a disadvantage. In fact, apocryphal stories support this 
contention:  “I was fine until one day a round went off when I wasn’t expecting it; 
then my ears started to ring and I had trouble hearing anything.” If, on the other 
hand, the middle ear muscles do not contract in advance of the impulse, then the 
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model is more sensitive than it has to be—an error of overprotecting the Soldier 
from hearing loss. The present settings fit the data, while retaining a conservative 
approach. 

Size of the middle ear muscle effect. Given that we were trying to predict hazard 
for gunfire-level impulses, we sought to represent a median muscle response to a 
very strong stimulus. In the model the strength of the contraction was represented 
by a stiffness and a resistance (MemMagK and MemMagR, respectively). The fully 
developed response is shown in Fig. 4. 

 

Fig. 4 Attenuation produced by the middle ear muscle contraction in the AHAAH model 

The middle ear muscle response. In the AHAAH model, we have left the decision 
regarding the moment of the onset of the middle ear muscle response up to the user. 
In essence, the user must decide whether or not the person being exposed is aware 
that the impulse is coming (i.e., is WARNED) or if this impulse is unexpected 
(UNWARNED). If it is a WARNED analysis, the model starts the middle ear 
muscle contraction before the impulse arrives (as the ear would).  

If, on the other hand, the impulse is not expected, the model begins its calculation 
of a changing middle ear muscle stiffness when the impulse triggers the reflex. 
Establishing that moment requires something of a judgment call. In principle, we 
seek to set the beginning of strong stimulation that will trigger the reflex. In the 
case of a simple Friedlander impulse, the leading edge of the impulse is a clear 
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starting moment. Many times, however, significant stimulation can arrive before 
the leading edge of a Friedlander wave (and some intense impulses have a different 
shape). In practice, we argue that a level of 134 dB (100 Pa) is significant 
stimulation. Thus, the model “expects” the starting point to be 5 ms from the 
beginning of the wave (i.e., the calculation for the elicited contraction begins at that 
point). Therefore, the editing programs allow the user to “set start” at a point of 
their choosing. The model then cuts off the data preceding that point. Then the wave 
can be stored in that configuration as an “AHA” file.  

Additional considerations. As the AHAAH model was first constructed, the idea 
of including a variable middle ear muscle response was novel and the most practical 
way of managing it was through the insight of the user. A precontracted response 
would be appropriate if we were analyzing the ear’s response to a series of impulses 
close together, such as in a burst of machine gun fire. Also, the model does not 
specifically include a “relaxation time” for the contraction. The science here is 
incomplete and so it remains something of a judgment call. This is an area in which 
additional study would be warranted. 

We recognize that there will be a tendency for a user with many impulses to analyze 
the whole lot through the model and only look at a final result. We are simply not 
there yet. Each impulse should be examined carefully for artifacts as it is stored for 
analysis, and the conditions of the exposure evaluated. More work needs to be done 
before the process can be safely automated.  

5. The Model in Quantitative Detail 

At the onset of our efforts, the transfer functions from the free field to the stapes 
were reasonably well known at lower SPLs, giving us the correct expectation that 
we could accurately reproduce the conductive path to the cochlea for both cat and 
man, the models with which we were working. Hence, the challenges for a model 
that worked at high SPLs were, first, to incorporate both the nonlinear elements of 
the stapes suspension and the middle ear muscle response into the conductive path 
and, second, to develop an algorithm that reflected the susceptibility of structures 
within the cochlea.  

5.1 The Conductive Path 

It remains a surprising thing that the middle ear is linear in its response to 
amplitudes over an immense range—over a 3,000,000-fold range (130 dB). 
Nonetheless, gunfire exposures (and variety of bangs and clicks from less bellicose 
sources) are as much as 1,000 times greater than that. About 40 years ago, Price 
(1974) calculated that the displacement of the middle ear would be limited by the 
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annular ligament of the stapes when its displacement reached the 10–20 micron 
region (at about 130 dB SPL for the lower frequencies). In fact, Guinan and Peake 
(1967) observed the onset of this peak-limiting behavior in the anesthetized cat ear 
(see Figs. 6 and 13).  

The importance of this peak-clipping element in the conductive chain warrants 
emphasis. There are 2 major points that should be understood. First, the presence 
of this critical nonlinearity means that systems for rating hazard that do not account 
for it will necessarily contain errors—sometimes very large errors. And second, the 
nonlinearity operates in the time-domain; that is, the peak-clipping occurs at 
specific instants when the stapes is attempting to move beyond its limits—it is a 
peak-clipper. It follows that measures that operate in the frequency domain lose the 
information relating to the timing of events (assuming that just the magnitudes and 
not phases are accounted for, the typical case). The stapes nonlinearity was modeled 
as a hardening spring, which ultimately limits stapes displacement.  

The middle ear muscle response was modeled as a time-varying stiffening of the 
stapes suspension produced by the contraction of the stapedius muscle, which 
mimics the effects as the stapes is pulled sideways in the oval window. The rate of 
contraction onset as a function of level had been studied by Dallos (1964) and the 
magnitude by many others; therefore, we were able to incorporate a time constant 
and magnitude of response typical of a normal ear.  

5.2 Cochlear Susceptibility 

The question of how to evaluate intracochlear factors was problematic. In principle, 
one could begin with the anatomic details of the OC, which is a complex 
mechanical structure, with elements that range from stiff to gelatinous to liquid. 
One might try to make estimates of the multiple unknowns, their physical 
properties, their interactions, susceptibility to fatigue, etc., and build a damage 
model from the bottom up. However, because the living OC is inaccessible, its 
structure is both delicate and mechanically complex, and critical data on its 
properties were essentially unknown, the risks of making estimates on all these 
parameters were huge. Some other approach was needed.  

We, therefore, adopted an alternate approach to characterizing loss mechanisms 
within the cochlea. Our approach was empirical. Auditory theory had progressed to 
the place that BM displacements could be calculated, given a waveform at the 
stapes. Therefore, we decided to allow data from controlled exposures to describe 
the relationship between mechanical displacement and threshold shift. 
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For the calculation of BM displacement, we modified a fast method developed by 
Zweig et al. (1976). The cochlea is modeled as a 1-dimensional fluid-filled 
transmission line with exponentially tapered cross-sectional area and BM width. In 
the modeling coefficients section of this report (the MAN.COE file), it is referred 
to as a “Type 2 model (WKB taper)”. The original Zweig et al. version was a 
constant-Q model (unlike the real cochlea); therefore, we adjusted it to be a 
constant-loss model (like the real cochlea, with Q growing from apex to base).  

In normal ears operating at lower SPLs, positive feedback effects from the outer-
hair cells give rise to cochlear amplification; but at high levels—above 80 dB or 
so—the cochlea is again linear but is much less sharply tuned. Therefore, because 
we were concerned with predicting the effects of very intense sounds, we used a 
linear WKB solution for the complex displacement transfer function as a function 
of driving frequency. This calculation transfers frequency components of the stapes 
displacement with amplitude and phases given by a Fourier transform analysis of 
the stapes displacement history into magnitude and phases of components at 23 
equally spaced locations on the BM (between .425 cm and 3.175 cm from the basal 
end [dimensions for the human cochlea]). The resulting BM displacement histories 
are obtained by an inverse Fourier transform of these frequency components at each 
location. 

Calculating the active cochlea. As an aside, we note that the decision to model the 
cochlea without active processes was based on the reality of the ear’s response to 
very high levels of stimulation. The AHAAH model incorporates a term (Ca for 
“cochlear amplifier”) that makes the model useful at other intensities, as well, 
should any researcher want to use it for other purposes at lower levels. If Ca is set 
to 0.5, the waveforms match those of the cochlea without the active processes that 
exist at lower levels. (If it is set nearer to 10, the waveforms have a much higher 
“Q” and “ring” like the BM does at lower levels where the active processes have 
their effects.)  

The damage calculation. At high SPLs (well above 115 dB), hazard within the 
cochlea can be thought of as analogous to mechanical fatigue. Indeed, at very high 
levels, it is generally agreed that the ear appears to be “torn up” rather than “tired 
out”. In the literature on mechanical fatigue of materials, failure is predicted by 
keeping track of the number of flexes and their amplitudes—raised to some power, 
typically 2 or higher (Broch 1979) (Bcoef in the MAN.coe file). Therefore, we 
calculate hazard at each of the 23 locations for which a displacement history was 
just determined by establishing the maximum upward BM displacement between 
successive zero-crossings (peak of a flex cycle), squaring the value (in microns) 
(Bcoef = 2), and summing it for the location (upward displacements put the tip links 
in tension—see Fig 3). The resulting value has been named “auditory risk units” 
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(ARUs), which we set out to relate to temporary and permanent hearing loss in the 
cat ear (Price 2003).  

By focusing on BM displacement, this rationale deliberately sidesteps the specific 
question(s) related to the detailed damage processes within the OC. On the other 
hand, BM displacement is the forcing function that is causing the stresses with the 
OC and as such should be causally relatable to hazard to hearing.  

Empirical tests of the cochlea’s response. Given the common structure of 
mammalian cochleas and the considerable knowledge that had been developed with 
respect to the cat ear in particular, we exposed anesthetized cats to a variety of 
intense impulses. Anesthetization had the critical effect of eliminating both 
movement of the ear during an exposure (which would change the transfer function) 
and inactivating the middle ear muscle reflex, which had been shown to have a 
major effect when the cat was unanesthetized (Price 1991). 

In testing the hearing of the cat, we used electrophysiological measures of 
sensitivity—the nerve response measured from scalp electrodes on anesthetized 
animals. This response is similar to an auditory threshold in an awake, behaving 
animal, and is much more easily measured.  

A technical aside. For more than 50 years the auditory world has accepted pure 
tone thresholds to be the gold standard of auditory system function. If, following 
an exposure, there was no change in the pure tone threshold, the ear had not been 
permanently affected. There had also long been concern that this presumption was 
problematic. There was no incontrovertible proof that pure tone thresholds were all 
that one needed to measure; but the argument did have face validity, there was no 
other alternative, and research needed to go on. Kujawa and Liberman (2009) have 
demonstrated that following a 2-h, 100-dB, exposure to an 8–16-kHz octave band 
of noise, the mouse ear shows threshold shifts that recover; yet at the same time, it  
demonstrates physiological damage at the level of the hair cell—neural junction 
and neural degeneration. Thus, we can no longer blithely assert that no change in 
pure tone threshold is proof of an intact, unaffected system.  

At the same time, those studying noise effects have not been entirely insensitive to 
the possibility that recovered thresholds might nonetheless be hiding some trauma. 
In fact, Pfander (1975) viewed a delayed recovery of threshold as indicating trauma 
and others have agreed. In that regard, we note that the changes observed in the 
Kujawa and Liberman work showed “recovery” taking a couple of weeks. Thus, a 
delayed recovery seems likely to be a sign of some permanent change in the 
auditory system. 
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That being said, there is still a question as to what the correspondence is between 
the mechanisms of loss observed by Kujawa and Liberman (2009) in response to 
an intense band of noise operating for 2 h and the processes associated with much 
more intense impulses delivering the same or greater energy in 10 or 20 ms 
(weapons impulses). In the case of the band of noise, the loss mechanisms would 
be likely to be associated with metabolic issues, and in the case of the more intense 
weapons impulses, the changes would be a function of mechanical stress. In both 
cases, it is likely that recovery would take place over several weeks. The 
conservative approach would argue that the prolonged recovery could be related to 
the possibility of permanent changes, even if the recovery were to pre-exposure 
levels. It would be scientifically interesting for someone to conduct a parallel study 
to Kujawa and Liberman’s, with exposure to high-level impulses. 

While it is interesting to note the work of Kujawa and Liberman, which cautions us 
that noise exposures can have subtle, deleterious effects, it is interesting to note that 
Hamernik et al. (2003) have, for example, demonstrated that noise exposures of 
about the same severity as those of Kujawa and Liberman, have a protective, 
toughening effect on chinchilla ears. Clearly there are complex, interesting 
processes going on here and much more work needs to be done. 

In all, 12 different impulse exposures were employed in validating the cat ear model 
(Pierson et al. 1995; Price and Kalb 1999; Price et al. 1995; Price and Wansack 
1989; Price 2003). The specific impulses used in the exposures were selected to 
challenge the ear with very different types of stimulation that would provide critical 
tests for model development. In order to promote at least face validity and avoid 
the problem of justifying simulations of stimulating events, all were produced by 
explosive sources found in military settings. In order for exposure data to be most 
useful, they need to produce some loss at their lowest levels and not produce total 
destruction in all the ears at their highest levels. In the case of intense impulse 
exposures, this window is relatively narrow because once an exposure reaches a 
level that begins to produce loss in a given ear, a relatively small increase in 
intensity can result in total destruction of the cells in the ear. All our exposures 
achieved this goal.  

The test exposures. The exposures were chosen to test the effect(s) of specific 
conditions; therefore, we’ll briefly discuss each of the exposure types and the 
theoretical challenges each provided.  

It seemed reasonable to suppose that the ear would be most susceptible to impulses 
that put their energy where the ear was tuned best—the 4.0-kHz region. We tested 
this possibility by exposing ears to 50 impulses produced by the primer in a rifle 
round. Its A-duration is very short, about 80 µs, and as a result its spectral peak was 
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at 4.0 kHz. Groups of ears were exposed to 50 impulses at 135, 140, and  
145 dBP (Price and Wansack 1989).  

There were 2 tests of an exposure to a single round from the AR-15 rifle at the 
firer’s ear position. In one case the weapon was standard, and in the other the 
muzzle device (flash-hider) had been replaced with an experimental muzzle brake. 
The 2 impulses had the same spectral distribution of energy; but because the muzzle 
brake reflected gasses backward, it produced 13-dB higher peak pressures and a 10 
dB increase in energy. These impulses provided a critical test of the effect of the 
stapes nonlinearity (as predicted, the hazard was equal for the 2 conditions in spite 
of the difference in peak pressures and energies). 

In order to include exposures to larger numbers of rifle impulses, we used 4 
different conditions: 50 impulses at 140 and 145 dBP at 90° to the angle of fire 
(most of the energy in the initial peak) and 2 exposures (6 and 12 impulses) at 4 m 
and 200° to the angle of fire (144 dBP). Moving to the rear produced an exposure 
in which most of the energy was in the latter part of the impulse rather than the 
peak. These exposures checked for impulse complexity and increased numbers of 
rounds. 

Finally, we used 3 different single exposures to airbag noise—a complex impulse 
of a type that, while interesting in their own right, might also be produced by a 
round penetrating a crew compartment (Price and Kalb 1999). In those exposures, 
the peak pressures ranged from 167–173 dB, but the shape of the impulse was not 
like gunfire. The hissy filling of the airbag took place in the cab of a pickup truck 
under 3 different conditions: 1) the windows were open, 2) the windows were 
closed, or 3) the windows were up and the compartment was sealed with tape. The 
differences in the venting of the compartment varied the low-frequency 
component(s) in the waveform. The inflator noise took about 80 ms and its pressure 
history interacted with the condition of the passenger compartment. Thus, the 
compartment had little effect when the windows were open, and when the 
compartment was sealed there was a large low-frequency component present as the 
airbag inflated in the unvented space. The closed compartment was an intermediate 
condition. These exposures tested very intense stimulation and particularly 
challenged the part of the model that dealt with amplitude limitation of the stapes 
displacement.  

All these exposures were run and the immediate (half-hour-plus) and permanent 
losses established. The immediate losses are referred to as compound threshold 
shifts (CTS) because they contained both temporary and permanent components. 
In response to lower levels of stimulation, the immediate recovery processes are 
sizable and complex, hence the exact time of measurement of a TTS is critical. On 
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the other hand, the ear’s response to these very intense stimuli tends to be relatively 
stable for a matter of hours (Hamernik et al. 1988). This meant that the exact time 
of measurement was not critical.  

5.3 Opportunities to Adjust the Model 

The place/frequency map. It has long been known that the cochlea performs a 
frequency analysis of its inputs, with the low frequencies having a maximum 
response at the apical end of the BM and the high frequencies at the basal end. 
Fortunately for the modeler, Greenwood (1990) has reviewed the frequency-
position data for several species, among them the cat and man. It seems that 
cochleas behave in essentially the same way across the frequency range to which 
they are sensitive. This meant that the cochlear model’s frequency/place map 
simply needed to correspond to the research on frequency location within the 
particular cochlea. That being said, there is an inherent uncertainty with respect to 
the “correct” location of effects. We now know that under normal circumstances 
the active processes in the outer hair cells effectively “stiffen” the responsive cells, 
tuning them to a higher frequency. For example, cells that in the absence of active 
processes would resonate to 1000 Hz, would, as a result of the active processes, 
resonate best to a higher frequency—in the vicinity of 1500 to 2000 Hz. This is the 
explanation for the “half-octave shift” upwards in the frequency of maximum 
threshold shift when the ear is exposed to fatiguing stimuli. Internal features of the 
AHAAH model allow it to reproduce both the active cochlea and the cochlea 
without active processes (and anything in between). As it happens, the 
frequency/place maps come from research in which the active processes are present 
and the frequency/place provisions of the model could be adjusted to match the 
data. 

This inherent uncertainty with respect to the exact location of the action of 
particular frequencies should cause no real problem in assessing hazard. Typically, 
research is done with threshold testing at octave frequencies and, thus, threshold 
shift measures are not highly focused on exact frequency locations. Nor need they 
be—the energy distribution in intense stimuli is relatively broadband (as are the 
losses). In fact, because the head and middle ear effectively create a bandpass filter, 
experiments show that small arms, rockets, and cannon impulses, while having their 
spectral peaks in different frequency regions, all produce losses in the ear’s 
midrange. The ear is more sharply “tuned” than the spectra of the impulses. So the 
area in which the ear is tuned best receives the greatest stimulation. Thus, in 
general, there is no compelling theoretic reason to agonize over predicting the loss 
at a specific frequency. Then, too, there are the practical considerations associated 
with testing at more frequencies. The additional tests required for a finer analysis 



 

Approved for public release; distribution is unlimited. 
29 

take more time and long sessions of threshold-tracking do not necessarily produce 
better data. So all things being considered, an octave-band analysis of effects is 
reasonable and it does result in tests at roughly equally spaced intervals along the 
BM. Note that AHAAH’s analysis is at roughly one-third octave intervals. 

There is the associated question of the frequency content of the signal at the level 
of the cochlea. The middle ear is remarkably linear; but at about 130 dB at the lower 
frequencies, we have seen that it stops being a linear conductor (see Price 1974). 
And at even higher pressures, such as those in impulses from firearms, the stapes 
can peak-limit inputs or the middle ear can vibrate in modes that do not transmit 
energy to the cochlea. So even if the transfer functions from the free-field to the 
tympanic membrane are valid—air, itself, becomes nonlinear at high pressures, and  
knowing the frequency content of the energy arriving at the cochlea is problematic. 

Issues associated with the nonlinear stapes. Given that the frequency/place map 
was reasonable, we then had the opportunity to adjust the model’s other parameters 
to arrive at the best description of the data. As mentioned earlier, the conductive 
path from the free field to the stapes displacement (at normal sound levels) had 
been adjusted to produce transfer functions that fit the measured performance of 
the cat ear. On the other hand, the model included certain variables that could only 
be estimated. For instance, the model included a term (“Ramp” for Resistance 
amplification) that was intended to represent properties of the ossicular chain when 
it was driven into nonlinearity at SPLs over 130–140 dB (Price 1974). The energy 
arriving at the stapes needed to be accounted for, as it had to go somewhere. It 
seemed reasonable to propose that there are processes that act to dissipate energy 
though motions not along the normal conductive path (the resistance). The middle 
ear is suspended on ligaments that simply must allow the middle ear to move in 
nontraditional ways at very high SPLs, such as the side-to-side rocking movement 
of the human stapes observed by von Bekesy (1936). Actually, in the case of the 
human ear, the annular ligament is not uniformly wide (the anterior ligament is 
wider than the posterior ligament [Bolz and Lim 1972]—which, under normal 
circumstances, would argue for a slight rocking motion about that axis). While it is 
certain that such dissipative movements exist for the stapes (Gyo et al. 1987; Hato 
et al. 2003; Heiland et al. 1999; and Lauxmann et al. 2014), it is highly unlikely, 
even today, that they could be modeled for all the ossicles in sufficient detail to be 
useful in the present circumstances. Our resolution to this problem was to propose 
a dissipative nonlinearity that would begin to act for large stapes displacements and 
be proportional to the amplitude of the displacement. That being said, the value of 
“Ramp” simply had to be estimated and adjusted to fit the hearing loss data. 

We also used another approximation in calculating the stapes response. The 
measured area of the stapes footplate is 3.2 mm2; however, the value we actually 
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used in AHAAH was 2.1 mm2, a deliberate choice to reflect what we believe is the 
effective area for a human stapes operating at very high amplitudes. The rocking 
motion is likely to produce a radiation pattern that approaches that of a dipole, 
which is less effective than a simple piston. Therefore, in the interest of simplicity, 
sometimes held to be a scientific virtue, we opted to use a smaller area for the 
stapes’ footplate for calculations at these very high levels. 

5.4 Stapes to BM Transfer Functions 

In the end, the basic modeling question is what the transfer of displacement from 
the stapes to the BM looks like. The transfer functions for pure tones of different 
frequencies from the stapes to locations on the BM are presented in Fig. 5.  

 

Fig. 5 Transfer functions in the AHAAH model for stapes displacements to basilar 
membrane displacements for pure tone stimuli 

Hazard on the BM. In similar fashion, we also had to create a model of hazard at 
the level of the OC. We believed that the problem could be usefully characterized 
as a “fatigue of materials” process. If so, we needed to keep track of the number of 
flexural cycles and their amplitude. Therefore, at each of 23 evenly spaced locations 
along the BM (roughly one-third octave intervals), the model seeks the peak of an 
upward displacement (in order to establish a peak, the waveform must rise to a high 
level, then decline to the rest position). The peak displacement (in microns) is then 
raised to some power (the B-coefficient) and the result stored as the “dose” at that 
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location. As a reading of the fatigue of materials literature and the argument by 
Broch (1979) indicated, the likely value of the B-coefficient should be near 2.0 or 
a little higher.  

5.5 Confronting the Model with Data and Adjusting It 

In the scientific method, the modeler is entitled to his or her premises; but in the 
end, the theory is tested by its ability to predict the relevant data. Our baseline data 
were the hearing loss data from the 12 different exposures, and the modeling 
challenge was to find the combination of model elements that produced the greatest 
order in the threshold shift data (while maintaining the fits to the transfer-function 
data already described). The mean loss for each group was taken as representative 
of the group’s loss (this was reasonable given that the mean and median losses were 
similar). So the challenge was to adjust the remaining variables—Bcoef, damage 
threshold, memMagK, MemMagR, cochlear gain factor—so that we achieved the 
most reasonable fit to the threshold shift data. Then the question was whether or 
not the model’s calculated risk in ARUs matched the loss data and did so better 
than other methods of assessing hazard.  

In fact, we were able to achieve a remarkably good correspondence between the 
group mean CTSs and the model’s predictions in ARUs. The fit can be seen in Fig. 
6. The correlation of R= 0.94 implies that 89% of the variance is accounted for, an 
excellent fit to the data. Additionally, the formula for the least-squares fit allows 
one to predict the CTS for any number of ARUs: 

 CTS = 26.6 x (LN (ARU)) – 140.1 

Note that the ARU calculation is done for all 23 cochlear locations, but the output 
of the model, when in use as a standard, gives only one number—the highest ARU 
value (as noted earlier, in all cases so far seen, in the midrange of frequencies). 
Health hazard assessment is focused on preventing all PTS, hence we report the 
highest risk. (In fact, for the sufficiently curious, the software will write all 23 
values as a table if the user changes the appropriate toggle in the MAN.coe file). 
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Fig. 6 CTS for 12 experiments with the cat ear (see text) exposed to impulsive sounds as a 
function of the auditory risk units (ARUs) calculated with the AHAAH model of the cat ear. 
Each data point represents the mean loss at the frequency showing greatest loss for both ears 
of 10 cats. The trend line represents the least squares fit to all the data. 

There is also a reasonably well-established relationship between CTS from these 
intense stimuli (the result of underlying mechanical damage), and PTS and hair cell 
loss (Price 2006b). Data from the cat indicate that for stimuli at these levels, about 
0.6 to 0.8 of the CTS will become PTS (full recovery taking a month or 2).  

The relationship expressed by this empirically established formula can be thought 
of as characteristic of mammalian cochleas. We believe that this clear result was in 
part a function of the fact that the conductive path of the cat was well known and 
the middle ear muscle system was not active. In essence, under these conditions, 
we were observing essentially pure cochlear phenomena.  

The data in this figure are key in understanding the prediction of loss with the 
AHAAH model. They are taken as the generic response of hair cells—human or 
cat—to intense stimulation. They were gathered without middle ear muscle 
involvement and no allowance for individual differences in susceptibility. The good 
fit between the predictions and the losses suggested that we had the basis to create 
a human model—AHAAH. 

5.6 Accounting for Individual Differences in Susceptibility 

In virtually any experiment in which more than one S is tested, we observe 
differences in the dependent measures. In the discussion thus far we have been 
calculating the “typical”—mean or average—response of the ear as being 
representative of the processes we are interested in. Yet, we have long known that 
if a population of ears were exposed at a level that would affect the average ear in 
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a moderate way, we will measure a range of losses, with some ears showing much 
larger losses, while others may show little effect. For both practical and theoretical 
reasons, there has been an interest in quantifying the susceptibility of the ear to 
hearing loss (e.g., Henderson 2006; Henderson et al. 1993; Kujawa and Liberman 
2006; Marshall et al. 2006; Price 1998, 2010; Summerfield et al. 1958; Tempel et 
al. 2006; Ward 1967). Of particular interest in the present context is the common 
observation that the variability is especially high in the case of impulse noise 
(Henderson and Hamernik 1986).  

Considerable effort has been expended since the 1960s in looking for some measure 
of intrinsic susceptibility. It would be a boon to hearing conservation if such a factor 
or factors could be identified. Initially, various tests of threshold shift were sought 
that could predict susceptibility for exposure to industrial noises (see reviews by 
Kryter 1970 and Ward 1967), efforts that proved largely unsuccessful. In the 
intervening years and with new technologies available, the search for sources and 
indices of susceptibility has continued (see for example Henderson 2006; 
Henderson et al. 1993; Marshall et al. 2006), with the result that a great many 
factors can be conceived of as possibly being associated with susceptibility—
middle ear muscle responsiveness, sex, chemical exposure, prior exposure to noise, 
eye color, inner ear protective responses, genetic factors, oto-acoustic emissions 
and so on.  

With respect to exposure to very intense sounds, such as gunfire, very much less 
work has been done, in part because it is such a difficult area in which to work. 
Underlying the difficulty is the fact that at very high levels the loss mechanisms 
become fundamentally mechanical in nature. Hence, losses can be immediate and 
recovery prolonged and uncertain. Nonetheless, our need to understand these issues 
is acute. Over 40 years ago, Hodge and his coworkers (Hodge et al. 1965; Hodge 
and McCommons 1966) ran a number of studies using repeated (up to 10 
repetitions) exposures to 7.62-mm rifle fire (25 or 50 rounds at 155 dBP or 158 
dBP) (12–29 Ss). They concluded that while the group TTSs and standard 
deviations (SDs) were repeatable, individual TTSs were not consistent enough to 
permit generalizations. More recently, an analysis of the Albuquerque data set 
indicated that susceptibility is not a constant within an ear (Price 2010b), a finding 
that is consistent with the work of Hodge and his colleagues. Ward (1962), likewise, 
found that the variability of his Ss response to intense impulses (produced by a 
speaker [peaks above 155 dB]) was so great that no meaningful conclusion could 
be drawn with respect to susceptibility. 

Part of the reason for the failure to establish a relationship has surely been a lack of 
theoretical grasp of the processes that contribute to susceptibility. A few moments’ 
reflection reveals that these processes, broadly conceived, can include not only the 
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many factors previously mentioned but psychological dimensions, as well (e.g., 
willingness to wear hearing protection, being alert to incipient impulse exposures 
and so on). In the case of impulses from explosive sources, even an element of bad 
luck in being near a hot spot in the explosive cloud or at an unfortunate distance 
from a reflective surface that would promote a larger TS in an individual ear, as 
would a momentary break in the seal of an HPD. Surely it is important to understand 
these elements if we are to deal with them quantitatively in arriving at a DRC for 
very intense sounds. 

For hazard assessment associated with intense impulses, these differences in 
response to exposure are critical. For exposure to typical industrial noises (85–100 
dBA), hearing loss grows slowly over a number of years and monitoring tests can 
detect a progressive change in threshold. With intense impulses, however, the 
effects can be rather like falling off a cliff—an exposure to one impulse can produce 
large permanent losses. Vause and LaRue (2001) documented an unfortunate case 
in which a Soldier in training fired one round from a rocket launcher while not 
wearing his hearing protection and suffered a large PTS that ended his budding 
military career. 

As a matter of convention, in establishing noise standards, we currently try to 
protect the 95th-percentile ear. It would be nice to protect all ears, but 95% is 
accepted as the highest protection that is practical. The formula for hazard relating 
AHUs to CTS was developed empirically and is a prediction for the 50th-percentile 
ear. In order to be able to predict for the 95th-percentile (most susceptible) ear, we 
adopted the following rationale. As our earlier discussion has argued, many 
things—currently unspecified—could affect the susceptibility of a particular ear. 
We, therefore, decided to model the following principle: a susceptible ear, for 
whatever reason, is like an average ear being driven harder. In addition, we made 
the assumption that susceptibility, like so many elements in life, is normally 
distributed. The problem was to relate the percentile of susceptibility to the concept 
of being driven harder. That was a question that could be related to the data we had. 

Being “driven harder” is like being exposed to an impulse at a higher SPL. 
Therefore, in the model, we could artificially alter the SPL of the impulse and 
recalculate the hazard. From a modeling standpoint, the question was how much 
change in pressure was needed to replicate the response of the 95th-percentile ear. 
We therefore assumed a variety of SDs—4, 6, 8, 10 dB—calculated the hazard and 
compared the resulting predictions to the actual data. If the number was too small, 
then the model predicted lower losses than the data showed or vice versa; too large 
a number and the model predicted losses when the data showed none. The result of 
this exercise in examining the data was that a SD of 6 dB seemed to match the data 
best. And it is also true that many things in the auditory world—thresholds, for 
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example—have about a 6-dB SD, so this value had the virtue of being reasonable, 
as well. Given that a 95th-percentile ear is, by definition, 1.64 SDs from the mean, 
AHAAH was set to predict the 95th-percentile ear by first raising the SPL 10 dB 
and then doing the hazard calculation. (In operation of the AHAAH model, this 
manipulation is, of course, transparent to the user.)  An advantage of this approach 
is that the same logic could be used to predict the hazard from any other percentile 
of the population desired.  

5.7 Creation of the Human Model 

The conductive path. The first order of business in creating a model for the human 
ear was to adapt the values in the conductive path of the basic model (Fig. 1) from 
those appropriate to the cat ear to those that fit the human ear. The fits for both 
magnitude and phase were quite good for the path from the free field to the cochlear 
input (Figs. 7 and 8). 

 

Fig. 7 Transfer function for free-field pressure to pressure at eardrum. Magnitude appears 
in the upper panel and phase in the lower panel. The dots are data (Mehrghardt and Mellert 
1977) and the lines are the calculation by the model. 
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Fig. 8 Transfer function for eardrum pressure to stapes volume velocity. Magnitude 
appears in the upper panel and phase in the lower panel. The dots are data and the lines are 
the calculation by the model. Transfer function data from Kringlebotn and Gunderson (1985). 

Middle ear muscle effects. In developing the model for the cat, the anesthetized 
preparations assured that no middle ear muscle activity occurred. Thus, we had a 
relatively pure test of the conductive path and intracochlear factors. In applying the 
model to real situations, however, we need to properly account for middle ear 
muscle activity. We can allow the middle ear muscles to contract in advance of the 
arrival of the impulse (a warned exposure) or we can allow the impulse to “elicit” 
a contraction (an unwarned exposure). Given the very intense exposures for which 
we are rating the hazard, the model was set to provide a short latency (Mem delay 
= 9 ms and a rapid growth in contraction strength, MemTimeConstant = 11.7 ms, 
consistent with the work of Dallos [1964]). 

Size of the middle ear muscle effect. Because we were trying to predict hazard for 
impulses with peak pressures well over 140 dB, we sought to represent a median 
muscle response to such strong stimuli. In the model, the strength of the contraction 
was represented by a stiffness and a resistance (MemMagK and MemMagR were 
each set to 12). The attenuation produced by the fully developed response has been 
shown earlier in Fig. 4.  

WITH MIDDLE 
EAR MUSCLE 
CONTRACTION 
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The Cochlear Gain Factor. For obvious reasons, there are no data for the normal 
human ear relating BM displacements to stapes displacements. And because there 
are constraints on human use in experiments, it is unlikely that such data will ever 
be available. In any event, the AHAAH model includes a link—the 
CochlearGainFactor in the MAN.coe file—that allows one to adjust the relationship 
between stapes displacements and the BM displacements that the model calculates 
(see Fig. 6). With no clear guidance, we again followed a logical path to an 
approach. If we assume that hair cells function similarly in both the cat and man, 
then it would seem to follow that the same stimulating conditions ought to exist at 
threshold in the region of best sensitivity—the 4 kHz region—for both ears. 
Therefore, the CochlearGainFactor was set so that, given a particular stapes 
displacement, the AHAAH model produces the same displacements in the 
midrange of the cochlea as does the parallel model for the cat ear. 

5.8 Additional Features of the Model 

Inclusion of HPDs. The theoretically based approach adopted made it possible to 
provide a variety of useful features not currently found in DRCs. For instance, the 
model allows its calculations to start at 3 locations: the free field, at the ear canal 
entrance, or at the eardrum location. Waveforms can be recorded at any of these 
locations and the model can begin its calculation with the appropriate algorithms. 
This property allows several useful features to be realized. For example, a recording 
made at the ear canal entrance allows the hazard calculation to account for issues 
associated with specific angle(s) of incidence (perhaps uniquely the same for a firer 
whose eye is at the sight, but variable for others in a firing team), or it allows an 
analysis of the complexities of a reverberant environment. In addition, it might 
allow calculation of the most favorable angle of incidence (e.g., a crewman might 
be told to face in a particular direction or assume a particular posture that reduces 
the hazard). Or in field deployments, the user might want to avoid (or seek) 
reflective or absorbent surfaces. Further, the choice of inputs beginning at the ear 
canal entrance or the eardrum means that HPDs can be integrated into the hazard 
calculation. Of course, measurement at the eardrum position presumes the use of 
an acoustic manikin, which brings with it a host of other technical concerns; but it 
does provide a waveform. As of this writing, there are serious reservations 
concerning the validity of waveforms measured with manikins. We do not have 
data that would allow a definitive comment at this point. However, our suspicions 
are that isolation of the measurement microphone from “the back path” (paths 
bypassing the path through the hearing protector) may be a serious issue. 
Alternatively, it is possible to calculate the effect of an HPD on the input waveform 
(Fedele and Kalb 2015; Kalb 2010). There are in fact, many sources of variance 
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associated with HPD use—poor fit being a prime example. But whatever choice is 
made with respect to how HPDs should be included, the AHAAH model is capable 
of incorporating a wide range of approaches.  

An A-weighted energy criterion is also capable of using measurements made on an 
acoustic manikin and processing the measured waveform. There is potentially a 
large error inherent in such a use, however. The shape of the A-weighting filter 
assumes free-field stimulation of the human ear. Thus, it includes all the acoustic 
effects from the free field to the eardrum (about 18–20 dB in the midrange). If 
pressures are measured at the eardrum position in a manikin, then, in effect, the 
amplification produced by the barrier effect of the head, the pinna effects and the 
ear canal resonance, are essentially being counted twice.  

The other criteria use single-number adjustments to account for HPD effect, an 
approach that simply ignores the large and what we now know are the increasingly 
complex effects of HPDs. Nonlinear HPDs, such as the combat arms earplug, are 
increasingly being used by troops because they provide both protection and allow 
for situational awareness. Obviously, single-number adjustments for HPDs do not 
effectively represent these devices. And if the pressure is high enough, even 
normally linear devices can become nonlinear. Fortunately, the AHAAH model 
simply needs a waveform to do its calculation; therefore, recordings acquired on an 
acoustic manikin or calculations done with a mathematical model of the protector 
could provide such a waveform. 

Analysis of the growth of hazard. A second type of novel feature included with 
the AHAAH model is a movie that shows the calculated action of the waveform 
within the cochlea. For low-level exposures to continuous sounds, such a display is 
not particularly useful. During a long exposure at lower levels, such as one that may 
occur in the workplace, many things vary—middle ear muscle state, angles of 
incidence, HPD fit and so forth—and the growth of risk is relatively slow. But in 
the case of very intense impulses, where the exposure to damaging energy may 
occur in milliseconds, the details of the action can be critical. By stepping through 
the waveform and the hazard calculation in parallel, the movie can show exactly 
what part of the waveform had the greatest influence on hazard and what did not 
matter. Such information can provide engineering insight into ameliorating or 
eliminating the hazard. For example, as mentioned earlier, in the case of airbag 
noise exposure in a closed passenger compartment, the movie revealed that the high 
peak pressures were not transmitted to the cochlea because of the peak-clipping 
effect of the stapes. In another case, the movie showed that the physical “bounce” 
of the airbag away from the Ss face—by bringing the pressure down to normal 
atmospheric levels where the ear could conduct normally for a few milliseconds—
was material in increasing the exposure by about 75% and creating a dangerous 
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exposure. Conversely, restraining the bounce would reduce the hazard to safe levels 
(Price 2006). In the same vein we see that for an exposure to a cannon-like impulse 
at a relatively low level—where the middle ear is essentially linear—hazard, like 
the energy, is primarily in the initial impulse and the latter part of the impulse 
contributes little to the hazard. At high levels, on the other hand—where the middle 
ear is decidedly nonlinear—little of the hazard comes from the initial part of the 
waveform, even though most of the energy in air is there. But most of the hazard 
now comes from the last part of the waveform—still at a high level and where the 
middle ear is operating in a nearly linear fashion. Successfully combating hazard 
with some ameliorative scheme depends on understanding these relationships.  

It is ironic that for 50 years, hazard evaluation schemes focused on only the energy 
near the peak pressure and ignored the tail-end of the impulse, and we now discover 
that what really matters may be the very part we have been ignoring. Perhaps we 
have been saved by the tendency for large peaks to have large tails, as well—so 
“more” is generally worse; it is not likely, however, to result in insightful 
engineering fixes to the problem.  

5.9 “Hidden Features” 

In the ancient and respected traditions of DNA codes and evolution, the software 
of the AHAAH model includes vestiges of its developmental past. The evidence of 
these codes resides most visibly in the MAN.coe file. Some of these subroutines 
are presently unused or their functions are fixed. However, in the future there might 
come an occasion when certain exposure conditions might arise such that their 
specific features might offer “survival value” and they could be implemented. We 
will consider 3 of these.  

Stress weight base/Stress weight apex. One of these features is the SweightBase 
/SweightApex values (Stress-weight at the base of the cochlea and Stress-weight at 
the apex of the cochlea). Because the BM changes width systematically along its 
length, it seemed reasonable to suppose that a given peak displacement (what the 
model calculates) in a narrow membrane region might be more stressful than the 
same displacement in a region where the BM is wide. These values are multipliers 
(1 means no effect and the ratio of the values for the base, and apex implies a 
progressive emphasis from one end to the other). While the basic idea behind the 
concept still seems reasonable, we have left both the values at 1. We did this first 
for simplicity and second because any choice of values would have been essentially 
a guess that we had no real way to test. The problem was that our data set used for 
establishing the relationship between ARUs and CTSs did not really test such a 
provision. The reason is that the tuning of the conductive path to the cochlea is 
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relatively sharp compared to the spectra of the noises to which we exposed the ear 
(or is normally exposed to in a wide range of instances). As a result, the largest 
losses—both CTSs and PTSs—are seen in the midrange (where the ear is tuned 
best) and under those conditions, the stress-weighting scheme would have little 
effect. In addition, in the one case for which we have data with a relatively narrow 
spectral peak (spark-gap discharges), the AHAAH model’s prediction of lessening 
hazard as the spectral peaks moved to higher and higher frequencies (above 3.0 kHz 
and up to 16 kHz) agreed with the data from the human exposures (Loeb and 
Fletcher 1968).  

Damage Threshold. A second feature that is present but unused is the 
“DamageThreshold.”  In essence, it seems reasonable to assume that there must be 
some minimum displacement of the BM that is too small to represent a serious 
mechanical stress, or alternatively, so small that the metabolic mechanisms within 
the inner ear can keep up with the demands present and do not add to the hazard. 
It, too, seems like a reasonable idea; but in the interests of simplicity (and because 
it had no apparent effect on our data) we have left it set to 0 (all peaks are included 
in the analysis). This could conceivably get to be an important issue if AHAAH is 
used to evaluate the hazard from much lower intensity sounds. 

Angle of incidence correction. For an impulse recorded in the free field, hazard 
assessment protocols require that the angle of incidence with respect to the ear is 
presumed to be the worst-case angle (coming from the frontal quadrant). Therefore, 
the AHAAH model includes a subroutine that calculates the waveform arriving at 
the ear canal entrance given a free-field impulse at the microphone location. This 
subroutine is adapted from the work of Bauer (1967) and has 4 variables—the real 
and imaginary parts of the induction sound field and the real and imaginary parts 
of the radiation sound field—that can reproduce the head-related effects (in the 
horizontal plane) that are present in coming from the free field to the ear canal 
entrance.  

These routines would be very useful should we be concerned about other angles of 
incidence. For example, good hearing conservation practice would recommend that 
members of a firing crew might wish to face in the least hazardous direction 
(probably looking away from the impulse source). Such effects can be relatively 
large and are not likely to be operationally prohibitive. As the model is presently 
configured, this feature is not available; but the code is in the software. 

The belt and suspenders approach. We again note in passing that calculating the 
hazard for the 95th-percentile ear and assuming the worst-case angle of incidence 
is likely to produce a value that is somewhat on the high side. Thus, we have chosen 
to err in the direction of overprotecting Soldier’s hearing.  
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And does it work for the human ear? Once the model had been adjusted to 
produce a good fit to the transfer function data available for the conductive path 
and adjusted to fit the “mammalian cochlea” for its response to intense stimulation, 
it needed to be tested against all the available data on hazard for exposures of the 
human ear. The expectation was that this comparison would show that the model 
did not fit certain exposure conditions and would need to be readjusted to produce 
a better prediction. The positive outcome was that this comparison of the model’s 
output with the hearing loss data showed that the model was predicting very 
accurately (Price 2007). The somewhat more than 70 cases examined were from 
many years of tests in different labs. Not surprisingly, the tests were not run in 
parallel fashion, so a rigid statistical analysis was not possible. Nonetheless, the 
same type of analysis was used to test predictions using MIL-STD-1474D, an A-
weighted energy measure, and AHAAH to identify both safe and hazardous 
exposures. Whatever the weakness of the statistical procedure, it was the same for 
all the methods tested. The AAAH model predicted correctly in over 95% of the 
cases, the MIL-STD-1474D was correct in 42% of the cases (protected hearing 
only), and A-weighted energy was correct in 25% of the cases. Errors for all 
methods tended to be in the direction of overprediction of hazard. Clearly, the 
AHAAH model is getting the right answer far better than other methods.  

Given the high accuracy of the model, as of this writing, no changes have been 
made to the original human version. That being said, a number of different 
“versions” of the program have been used; in each case, however, they were 
developed to do some useful thing, like processing a number of impulses in a 
“batch”. The essential algorithms still do the same thing and report the same result. 

An additional point to note – a need for “dither”. Full disclosure of changes in 
the program requires that a caveat should be noted. In order for some of the 
mathematical processes to work properly, the data being analyzed must include at 
least some variability. For example, if in storing or editing a file, a string of zeros 
was added to bring a data file up to a particular size, the zeros represented a 
challenge to the mathematical algorithms that require at least some variability to 
process. We have, therefore, included an algorithm that provides a very low level 
numeric “dither” to the data (at least 96 dB below the peak level). This represents 
an insignificant change to the data, but it does mean that outputs of 2 runs of the 
same impulse might differ in the last decimal place.  

5.10 Dealing with Protected Hearing 

It seems likely that most noise exposures will occur to ears that are wearing some 
hearing protection (at least that is the official desire of the hearing conservation 
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community and, interestingly enough, of the combat arms community as well). That 
being said, for many applications there is interest in hazard to the unprotected ear 
(e.g., virtually all noise exposures to the noise of airbag deployment will occur to 
unprotected ears). The AHAAH model, as we have discussed it, has shown its 
capacity to predict threshold shifts for ears that were unprotected and also to predict 
for those ears that were wearing protection (Price 2007). This was possible because 
the data we had from the Albuquerque studies included waveforms recorded at the 
ear canal entrance, under the muff used in the study.  

The version of AHAAH approved for use with MIL-STD-1474E provides for the 
effects of hearing protection in 2 ways: 1) Measurement of the protected waveform 
or 2) Calculation of the protected waveform.  

Measurement of the protected waveform – a further look. The AHAAH model 
can also handle the hazard to protected ears through the use of an acoustic manikin 
that would allow input waveforms to be measured. For a variety of reasons, an 
acoustic manikin would be an invaluable tool. As noted earlier, it would allow the 
evaluation of complex noise fields where there may be specific angles of incidence 
that characterize the exposure (e.g., crewmen might be facing away from the 
muzzle of the weapon). Also, rounds are seldom fired in a free field. Troops try not 
to expose themselves to enemy observation or fire and as a result, they fire from 
defiladed positions. In those cases, the reflected waveforms could represent a major 
part of the exposure and the angles of incidence matter. The acoustic manikin would 
allow such effects to be evaluated. 

Still, however, an acoustic manikin introduces uncertainties of its own. Does it 
match the properties (impedance, temperature) of human skin properly, are its 
physical dimensions proper, does it get the bone-conduction path correctly (Berger 
and Kieper 1967), is the microphone robust enough, is it isolated sufficiently, do 
the impedance-matching elements of the middle ear respond appropriately at high 
levels, etc.? These are real problems. A recent paper by Zagadou et al. (2016) failed 
to address serious errors associated with the use of a manikin (Price and Kalb 2016). 
Unfortunately, at the moment there is no agreed-upon standard manikin for use at 
high intensities; but a manikin could provide realistic waveforms.  

Calculation of the protected waveform. In the event that the waveform cannot be 
measured at the ear canal entrance or at the ear drum location, another alternative 
remains. MIL-STD-1474E provides the capacity to calculate the waveform under 
typical hearing protective devices, given a free-field pressure. AHAAH’s 
calculation of HPD effects on the free-field waveform requires yet another model. 
We address this procedure next. 
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5.11 HPD Performance Measures 

Direct physical measures. A little familiarization with the applicable technical 
jargon can help to clarify this discussion. HPD performance can be characterized 
through a variety of measures, some of which are purely physical and others that 
include the use of human Ss. The apparently straightforward physical measures 
include the use of an acoustic test fixture (ATF) (which may be a manikin) on which 
the test HPD is placed, or a microphone positioned under a protector worn by a 
human being (a microphone-in-real-ear [MIRE] measurement). However, there are 
serious questions as to how well ATFs simulate the real interactions between a 
human being and a protector. Alternatively, the MIRE method does require that a 
small microphone be fitted under the protector and it follows that a wire must exit 
though or beneath the seal of the test protector, a procedure that includes the 
possibility of a leak pathway or the conduction of sound from outside the HPD to 
the area under the HPD. Simple physical measures are really not so simple.  

Measures using human Ss. An alternate method requires the active participation 
of human Ss to arrive at an attenuation value. In essence, Ss are immersed in a 
sound field and their thresholds are determined for one-third octave bands of noise 
for at least the center frequencies of 125, 250, 500, 1000, 2000, 4000, and 8000 Hz 
(ANSI S.12.42 2010). Then the test HPD is fitted and the thresholds are 
redetermined, hence the “real ear attenuation at threshold” (REAT) test. The 
difference between the 2 measures is taken as the attenuation of the HPD  (Berger 
2005).  

The REAT measurement provides what is referred to as the “insertion loss” (IL) 
for the protector. In passing, note that as the name indicates, the measure is made 
at the hearing threshold of human Ss. If the HPD is linear in its response, then the 
attenuation values remain the same as the level of the sound field rises. Fortunately, 
most protectors are linear over quite a wide range of intensities—up to gunfire 
levels (155 dB or so). Above that level most plugs stay linear and muffs, with their 
large volumes, may become nonlinear (Buck 2009).  

Two alternate nonlinear possibilities can exist. First, if the pressure is high 
enough—especially for a muff-type protector—the protector might become 
nonlinear (not attenuate as well as before). In extreme circumstances, muff-type 
protectors may physically move on the head or even be sprung away from the ear 
in response to the low-frequency negative pressures in the impulse. Second, some 
protectors are deliberately designed to be nonlinear in their response. That is, they 
attenuate little at lower intensities (where the wearer might want to maintain 
“situational awareness”). Then at higher intensities, the attenuation can be made to 
increase, where the wearer needs protection from very intense impulses. This type 
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of nonlinearity can be the result of acoustic elements designed to limit transmission 
at high intensities, or alternatively, the protector may contain electronic circuits that 
conduct at low levels (or even amplify it) and limit transmission at high levels. In 
either case, the REAT values are obviously limited to applications at levels where 
the protector’s response is linear. 

The nonlinear protector has grown in favor within the combat arms community 
because it promotes situational awareness—needed for survival in combat—and at 
the same time, it protects the ear from hearing loss when intense sounds are 
experienced; this, in turn, acts to maintain sensitive hearing for situational 
awareness. As we will see later, these protectors provide a special challenge when 
we try to incorporate them into a hearing hazard analysis using AHAAH.  

First, consider the analysis of the effects of linear protectors. REAT data are 
available for many HPDs and represent something of a “gold standard” for 
attenuation assessment. However, knowing the REAT values does not tell you what 
the waveform actually looks like for any given impulse. The waveform is what the 
ear actually experiences (given that it operates in the time domain), hence that is 
what AHAAH needs in order to perform its analysis. The challenge for the analysis 
of hazard with AHAAH is as follows: knowing the REAT values for a protector, 
being able to predict the waveform under the protector for any incident impulse. 
Some method of calculating the input waveform from the free-field pressure would 
be useful as a “front-end” for the AHAAH analysis. 

5.12 The Hearing Protection Module (HPM) 

Enter yet another model. Our HPM is also an electroacoustic model, but this time 
reproducing the behavior of earmuffs and earplugs (Fedele and Kalb 2015; Kalb 
2013). Electroacoustic models have long been used for hearing protectors (see for 
example Schröter 1983; Schröter and Pösselt 1986; Shaw and Thiessen 1958, 1962; 
Zwislocki 1957).  

Modeling the conductive paths. Arguably, there are 3 important energy-flow 
paths associated with a protector which determine its attenuation properties: 1) air-
leak paths at the contact points with the skin, 2) the protector moving as a rigid 
piston supported by its contact with the skin, and 3) transmission through the 
protector material, itself. In the HPM, each energy flow path is modeled as an 
independent piston working into the occluded volume (OV) behind the protector. 
For each piston there is 1) an associated resonant frequency, 2) a “quality factor” 
(Q) that characterizes the sharpness of the resonance, and 3) a low-frequency 
limiting effect below the resonance and 4) a high-frequency cutoff of 18 dB/oct 
above it. The 3 paths are presented in a circuit diagram in Fig. 9. 
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Fig. 9 Circuit diagram of the 3-piston model of a hearing protective device 

Physical locations and qualities of the paths. Interestingly—and fortunately for 
our purposes—each path dominates in a separate frequency region. The air-leak 
piston is largely a very low-frequency feature having its important effects typically 
between 0 and 63 Hz; though, for a large leak the resonant frequency might be as 
high as 1 to 2 kHz. For this piston, the attenuation at 0 Hz must of course be 0 dB 
(ultimately atmospheric pressure changes will get into the occluded volume (OV), 
for even a small leak). The mass of this piston is that of the plug of air particles 
moving in phase. The resistance is due to the viscosity of air moving past the 
surfaces surrounding the leak path and because the damping is typically high, it 
follows that the Q-factor is low, typically around 0.5 (if, per chance, the mass and 
resistance form a Helmholtz resonator in conjunction with the OV compliance, the 
Q-factor might be as high as 3). 

The second piston, formed by the mass of the leak-free protector moving as a rigid 
piston supported by its contact with the skin, moves under pressure from the 
external sound to compress the OV behind the piston, producing sound pressure at 
the eardrum. Its resonant frequency is typically in the midrange of frequencies, 1–
2 kHz, and its low frequency attenuation is in the 20–30 dB region, depending on 
the stiffness of the skin cushion support and the acoustic compliance of the OV. 
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The Q factor for this piston can vary from 0.5, for a highly damped piston, to 2.5 
for a lightly damped piston. At higher frequencies, the 18 dB/oct cutoff applies.  

The third piston accounts for the transmission through the material of the HPD, 
itself. The resonant frequency for this piston is between 4 and 8 kHz. The material 
damping can vary over a wide range, giving a Q between 0.2 and 10. The “support” 
of this piston can be very stiff (depending on the compliance and resistance within 
the protector material), hence the low frequency loss can range between 20 and 40 
dB. Again, the high-frequency loss follows the 18 dB/oct curve. 

In passing, we note that we ignore the bone-conduction path, as well as the path 
through the seal of the protector. We believe that their effects are negligible 
compared to the transmission along the other paths.  

Kalb (2013) has demonstrated that this model can fit virtually all the individual 
REAT values that were produced in the round-robin standardization study by 
Royster et al. (1996). These data included self-fits by 384 inexperienced Ss, which 
produced a very wide range of REAT values.  

For analysis using AHAAH, a set of values can be found for the protector under 
evaluation. That being done, it is possible to process any waveform with the HPM 
and calculate the pressure history that would exist under the protector having those 
particular REAT values. Thus, we have a method for providing a waveform under 
a protector for AHAAH to analyze.  

In passing, we note that nonlinear HPD responses can also be modeled. If data 
indicate that protectors become nonlinear at high intensities, then nonlinear 
elements are incorporated in the model (Fedele and Kalb 2015). For example, 
earmuff cushion stiffness increasing with compression could be described by a 
cubic displacement term added to the linear displacement term in the rigid piston 
path. Or if the flow resistance increases with increases in the volume velocity, then 
a cubic flow velocity term is added to the linear velocity term in the leakage path.  

As of this writing, MIL-STD-1474E includes 11 different hearing protection 
options, namely those held to be typical by the health hazard assessors (combat 
arms plug, linear; combat arms plug, nonlinear; COMTAC III muff; etc.) (note that 
2 of the 11 are duplicates, but used under different operational conditions). 

As an acknowledgement to the practical hearing conservation world, the REAT 
values used in the calculations with the HPM in MIL-STD-1474E have been de-
rated by 1 SD as a “conservative” assessment of the protectors’ attenuation. This 
has been and continues to be the practice on health hazard assessment within the 
US Army. 
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6. The Problem of Which Standard to Apply for Protected Ears 

The AHAAH model is designed to deal with the risk of hearing loss due to high 
level exposures—exposures at levels for which the primary loss mechanism is 
essentially mechanical stress at the level of the hair cell. Unprotected exposures to 
most firearms fall in this category. Once the peak levels fall below 140 dB or so, 
however, it is less certain that AHAAH fits. MIL-STD-1474E addresses impulsive 
noise only at levels greater than 140 dB. 

As the level falls, as previously noted, the damage mechanism within the ear 
changes and recovery processes begin to operate (not specifically accounted for by 
A-weighted energy). We have entered the “terra incognita” of the hearing loss 
phenomena. Research needs to be directed here. That said, in the zone where the 
stapes is essentially linear, for pink noise, AHAAH and A-weighted energy are very 
close in their rating of hazard for free field exposures. In the absence of the 
nonlinear stapes, AHAAH is essentially an energy model (at the level of the hair 
cell). 

6.1 Mathematical Aspects of the AHAAH Model 

The AHAAH model was developed as an electroacoustic analog of the ear, 
designed to predict hazard from intense sounds. In it, the physiological and acoustic 
elements of the ear have been translated into their electric analogs. This relationship 
is diagrammed in Fig. 10. Regions of the ear moving in phase, such as the bones of 
the middle ear, are approximated by a lumped-parameter circuit element. More 
complex or extended objects, such as the ear drum, the ear canal, or the cochlea, 
have been subdivided into sections that are small compared to the highest frequency 
of interest (hence, move in phase), or else they have been modeled as transmission 
lines. For example, the eardrum is divided into a nonconductive part and a 
conductive part connected to the ossicles. 
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Fig. 10 Diagram of AHAAH, an electroacoustic analog of the ear 

Setting the values for the variables in the model. For almost all physiologically 
normal levels the middle ear is essentially linear; therefore, in developing the model 
we calculated the input impedance and transfer functions of the model ear, and 
compared them with transfer functions measured for the human ear. The values of 
the model’s components were adjusted so that they were reasonably close to 
average physiological values, and at the same time maximized the goodness of fit 
to the magnitude and phase data in transfer functions measured for the human ear 
by other investigators.  

In using such an adjustment procedure, the specific values chosen might deviate 
somewhat from rigidly defined anatomical values. By analogy, a condenser 
microphone might have a physical diameter of a half-inch; but because its 
diaphragm is constrained at the rim, it is most compliant at its center and its 
effective diameter might be somewhat less than the half-inch nominal dimension. 
In choosing the specific values for the model’s variables, we emphasized 
maximizing the goodness of the fit between the model’s analysis and the measured 
transfer functions. In the end, we wanted to predict the energy actually entering the 
cochlea, and that seemed like the best approach. At the same time, we recognize 
that, given the large number of anatomical variables in the model, many alternate 
sets of values could be developed. In the end, however, the question needs to be, 
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first, whether or not the fit to the transfer functions is improved and, second, 
whether the modification provides an improved fit to the data on hearing loss. 

Adjusting the model. In the process of creating and adjusting a model, one makes 
one’s best estimates and then tests the resulting model against some appropriate, 
empirically derived data set. At that point it is possible to see how well the model 
has predicted the data. Typically, there are some areas needing adjustment, the 
model is altered and retested. Such was our expectation. As 2016, we have seen 
nothing that suggests that such adjustment is necessary.  

This state of affairs is possibly due to 2 different circumstances. First, the precursor 
model for the cat ear was tested on a wide range of impulses deliberately chosen to 
test the model’s provisions—temporary-to-permanent losses were produced in 
biological ears. The high correlation between the model’s predictions and the 
measured hearing losses (r = 0.94) suggests that the basic model was well 
formulated. Secondly, in the case of the human model, there is a relative paucity of 
hearing loss data to analyze. No one sets out to produce PTS in humans. 
Furthermore, there is very little TTS data even from major efforts, such as the 
Albuquerque Studies. In all the ABQ testing (2000+ exposures), fewer than 30 
threshold shifts in the 15–25 dB region were produced (Price 2010b). Those studies 
told us that much of the stimulation was safe; but we have little threshold shift data 
demonstrating what represents a hazard. And even in this case, the AHAAH model 
predicted hazard correctly in about 95% of the cases (Price 2007)—far better than 
the other standards that have been evaluated. It seems likely that the model could 
be improved; but at the moment, we have no data that would suggest the changes 
that are needed. 

The results of these calculations appear in Figs. 11 and 12. 
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Fig. 11 Transfer function for free-field pressure to pressure at eardrum. Magnitude appears 
in the upper panel and phase in the lower panel. The dots are data (Mehrghardt and Mellert 
1977) and the lines are the calculation by the model. 
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Fig. 12 Transfer function for eardrum pressure to stapes volume velocity. Magnitude 
appears in the upper panel and phase in the lower panel. The dots are data and the lines are 
the calculation by the model. Transfer function data from Kringlebotn and Gunderson (1985). 

The nonlinear middle ear. At very high stimulus levels, some of the elements 
depart from their linear values. In addition, in order to reproduce the effects of the 
middle ear muscles, some elements are required to vary with time as well. The 
critical elements in this regard are the stapes and its suspension in its annular 
ligament (Guinan and Peake 1967; Price 1974). Nonlinear behavior of the annular 
ligament has also been observed by Zhang and Gan (2014).  Of all the parts of the 
middle ear, this element reaches its limit of physical displacement earliest. At the 
same time, the ligament is structurally rugged enough to stop stapes displacement. 
Thus, it sits as a peak-clipping controller and gatekeeper of input to the cochlea. 
The primary damage processes are located within the cochlea.  

To calculate the effect of this peak-clipping nonlinearity, we break the problem into 
2 separable pieces—one nonlinear part before the stapes and a linear cochlear 
section after the stapes. For a given pressure waveform, we numerically integrate 
the set of coupled nonlinear differential equations to get a solution for the stapes 
displacement. To maintain accuracy and prevent numerical overload, we have used 

WITH MIDDLE 
EAR MUSCLE 
CONTRACTION 

WITH MIDDLE 
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a fourth order Runge-Kutta method with an adaptive step-size control. To check 
accuracy, the method doubles the number of steps, repeats the integration, and 
compares the results. If the error is too large, the step size is halved, and the 
calculation and comparison are performed again. This stepping algorithm monitors 
the velocity of elements in the vicinity of nonlinear components and adjusts the step 
size to maintain the worst-case percentage change in velocity below the acceptable 
limit. We further stabilize the solution by allowing viscosity to proportionately 
follow the stiffness in the annular ligament. This has the effect of dissipating energy 
that would otherwise result in “ringing” of the system and physically reflects the 
fact that the middle ear, at very high levels, can vibrate in modes that are not part 
of the normal conductive path, dissipating energy. 

The annular ligament is modeled as radial springs displaced tangentially to their 
axis, much as they would be on a trampoline. A tangent function describes their 
“constitutive relation” for the Young’s modulus.  

The action of middle ear muscles is superimposed on the foregoing calculation. The 
stapedius muscle is responsible for most of the effects on the conductive path; 
therefore, its action is modeled. When it contracts, it pulls the neck of the stapes 
sideways and causes the annular ligament to stiffen. This results in a relatively large 
attenuation (20 dB) of frequencies below the middle ear’s resonance (about 1 kHz) 
and less attenuation at high frequencies (tapering to 5 dB). The reflex is taken to 
have a latency of 9 ms and a time constant of 11.7 ms. For the “unwarned” 
calculation, the reflex calculation is started 5 ms into the pressure history, and for 
the “warned” condition, the calculation assumes that it is at full strength at the 
beginning of the pressure history. 

We note that the area of the stapes footplate used in the AHAAH model is 
somewhat smaller than the actual dimensions of the footplate. This choice was 
something of a modeling compromise, based on observations of the particular 
patterns of motion observed in human ears. The human annular ligament is unlike 
the cat annular ligament in that it is not of uniform width. It is narrower at the 
posterior crus than at the anterior crus and not uniform in character in many adult 
ears (Bolz and Lim 1972). In early studies, von Bekesy (1960) observed rocking 
movements of the footplate about 2 axes. More recently Hato et al. (2003) and 
Heiland et al. (1999) made observations with a laser Doppler vibrometer at multiple 
sites on the footplate and have shown that the stapes motion is complex, even at 
physiological levels (<120 dB). For simple physical reasons, such nonlinear 
behavior must occur at levels typical of gunfire (Price 1974). In effect, the footplate 
of the human stapes must radiate as something of a dipole or quadripole source and 
must be less effective than a simple piston moving linearly. We account for this 
loss in efficiency by using a smaller “effective footplate area”.  
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After the nonlinear solution for stapes displacement has been found, it then 
becomes the input for the linear cochlear calculation. For this calculation we use a 
fast method developed by Zweig et al. (1976). The cochlea is modeled as a 1-
dimensional fluid-filled transmission line with exponentially tapered cross-
sectional area and BM width. The motion is assumed to be linear—that is, positive 
feedback effects of the outer-hair cells giving rise to cochlear amplification at lower 
excitation levels are ignored. A linear WKB solution for the complex displacement 
transfer function as a function of driving frequency is obtained. This transfers 
frequency components of the stapes displacement with amplitude and phases given 
by a Fourier transform analysis of the stapes displacement time-waveform into 
magnitude and phases of components at 23 equally spaced locations on the BM 
(between .425 cm and 3.175 cm from the basal end). The resulting BM 
displacement histories are obtained by an inverse Fourier transform of these 
frequency components at each location. 

Hazard within the cochlea is thought of as analogous to mechanical fatigue (i.e., 
the number of flexes and their amplitudes need to be monitored). Therefore, we 
calculate hazard at each of the 23 locations for which a displacement history was 
just determined by establishing the maximum upward displacement between 
successive zero-crossings, squaring the value (in microns) and summing it for the 
location. The result is in ARUs, which have been related to temporary and 
permanent hearing loss in experimental animals (Price 2003). A dose of more than 
500 ARUs received within 1 day would be expected to produce permanent hearing 
loss.  

6.2 Stepping Through the Program Calculation 

We assume that the pressure history has been imported and has been written as a 
file with the .AHA extension. In it the waveform is given as an ASCII file with a 
TAB-delimited header, followed by pressure values in scientific notation. The 
header contains information about the recording such as sample rate, input location 
number, title, and various derived quantities. 

1) Read the pressure-history waveform measured outside the head in the free 
field. 

2) Multiply the SPL values by 3.126 (10 dB) to account for susceptibility of 
the 95th-percentile ear. 

3) Set the variables appropriate to the assumed condition of the middle ear 
muscles (warned or elicited) for the following calculation. 
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4) Numerically integrate the set of 24 coupled second order differential 
equations governing the displacements and velocities of electroacoustic 
elements in the  model of the outer and middle ear. The result is the 
predicted stapes displacement for the input waveform. 

All equations are linear except for one that describes clipping in the motion 
of the stapes. The annular ligament supporting the stapes is modeled with a 
stiffness and a damping that is a nonlinear function of the stapes 
displacement. The integration between successive input waveform time 
samples is performed using the fourth-order Runge-Kutta method with 
adaptive step size control (Press et al. 1992). The step size control is based 
on step doubling and monitoring the percentage change in the velocity of a 
number of elements that couple to the nonlinear stapes element. The step 
size number continues doubling until the worst-case velocity percentage 
change is below a given tolerance limit. The step size number is then 
reduced by dividing by a given AdaptFactor that is typically 2.7. This 
reduction continues until a minimum number of steps is reached, typically 
256. The peak-limited stapes displacement waveform is stored internally at 
the same time values as the input pressure waveforms. 

5) The stapes displacement is used to drive the cochlear model. For the 
intracochlear calculations, the cochlea has been terminated in a matching 
impedance at the helicotrema (a type 2 cochlear model is calculated with a 
finite termination impedance). We obtain a linear WKB solution for the 
complex displacement transfer function as a function of driving frequency. 
This transfers frequency components of the stapes displacement with 
amplitude, and phases given by a Fourier transform analysis of the stapes 
displacement history into magnitude and phases of components at 23 
locations on the BM. The resulting BM displacements are obtained by an 
inverse Fourier transform of these frequency components.  

The cochlea is modeled as a 1-D fluid-filled transmission line with 
exponentially tapered cross-sectional area and BM width. The motion is 
assumed to be linear—that is, positive feed-back effects of the outer-hair 
cells giving rise to cochlear amplification, present at low excitation levels, 
are ignored because the forces operating at high levels simply overwhelm 
them and a linear solution is appropriate. Note—this linear procedure would 
not be possible if any part of the transmission path is nonlinear. In the 
calculation of stapes displacement in step 2, the cochlea is represented by a 
fixed resistive load impedance with a low-frequency impedance element 
describing the helicotrema. Typically, 23 equally spaced locations on the 
BM, between .425 and 3.175 cm from the base, are chosen for waveform 



 

Approved for public release; distribution is unlimited. 
55 

calculation at the same sampling rate as that of the input pressure waveform. 
All waveforms are stored as columns in a matrix with rows representing 
displacements of the stapes and cochlea at successive times as related to the 
input pressure history. This information can be plotted as an animated 
movie of cochlear motion as the pressure waveform is evolving in time. The 
solution involves a number of standard complex arithmetic calculations 
such as the complex square root and complex power function with a 
complex exponent.  

6) The auditory hazard is calculated by first determining, for each of the 23 
locations calculated, the successive maxima of the displacements of the BM 
occurring between 2 successive zero displacements. The loss model is one 
of mechanical fatigue. Only the upward flexes of the BM displacements are 
determined (critical tissue within the OC is in tension—the most likely 
condition for failure), the downward displacements are considered less 
damaging and are ignored. These peaks of upward displacement (in 
microns) are squared and summed as a representation of the total “dose” at 
each of the 23 locations. This number, ARUs, is reported for each impulse. 
This number, furthermore, is cumulative for multiple exposures within a 
day. A value of more than 500 ARUs has been correlated with the onset of 
permanent loss and is, therefore, the limit for occasional exposure.  

6.3 Parameter Values and Differential Equations 

The circuit shown in Fig. 13 is a ladder network with 24 meshes, each having a 
volume velocity ik (for k = 1 to 24) that are analogous to currents in an electrical 
network. Volume displacements qk in the meshes are obtained by time integration 
of the volume velocities ik that are, in turn, obtained by time integration of the 
volume velocity derivatives dik/dt. The network can be driven by acoustic pressure 
p in any mesh. The state of the ear can be given at any time by the set of ik and qk 
values.  
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Fig. 13 The ladder network, corresponding ear sections, and in each section, the currents, 
in dynamically equivalent to volume velocities in the ear 

The circuit element values and descriptions are given in Table 1. 
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Table 1 List of definitions and default values for all AHAAH calculation coefficients included in 
the file "man.coe" 

Coefficient Default 
value Units Description or purpose 

Alphar 1 unitless Induction field coupling, real part; always 1 
Alphai 0 unitless Imaginary part of Induction field coupling strength; always 0 

Betar 2 unitless Radiation field coupling, real part; (0 to 3);   2=normal 
incidence (90°), 1=grazing incidence (0°), 0=head-shadow 
incidence (270°) 

Betai 0 unitless Radiation field coupling, imaginary part ; usually 0 

Rdf 1.29E-01 dyne.sec.cm-5 Head diffraction radiation resistance;  
Ldf 2.56E-05 g.cm-4 Head diffraction inductive mass;  
L1 2.215 cm Length of cylindrical earcanal 
L2 6.96E-01 cm Length of exponential horn concha 
S1 0.44 cm2 Area of earcanal entrance; throat of exponential horn 
S2 4.3 cm2 Area of concha entrance; mouth of exponential horn 
Lh 1.40E-02 g.cm-4 Air-plug mass in narrow passages between tympanic cavity 

and remainder of middle-ear cavities. 
Cb 5.10E-06 cm5.dyne-1 Compliance of the antrum and the pneumatic cells   
Rh 91.85 dyne.sec.cm-5 Loss in narrow passages between tympanic cavity and 

remainder of middle-ear cavities.;  
Cm 3.50E-07 cm5.dyne-1 Compliance of middle-ear cavities;  bulla volume in cm3/(rho 

* c2)          

Lds 4.60E-03 g.cm-4 Nonconductive eardrum mass (assoc. with mode of vibration); 
Ad=0.55cm^2 

Rds 1.147E+03 dyne.sec.cm-5 Nonconductive eardrum loss (assoc. with mode of vibration) 
mechanical resistance(dyne/(cm/sec))/Ad^2 

Cds 3.95E-07 cm5.dyne-1 Compliance of nonconductive part of eardrum  
Ldm 2.20E-02 g.cm-4 Mass of conductive part of eardrum and malleus for mode of 

vibration 
Cdc 2.31E-06 cm5.dyne-1 Compliance of conductive part of eardrum and suspensory 

ligaments of ossicular chain 
Rdc 60.6 dyne.sec.cm-5 Loss of conductive part of eardrum and ossicles 
Nt 20 unitless ratio Turns ratio of  transformer of middle ear = 

Astapes*Li/(Ad*Lm) Astapes= 0.021 cm^2 stapes area 
Rmi 8.39E+05 dyne.sec.cm-5 Loss of the malleo-incudal joint;  
Cmi 4.33E-10 cm5.dyne-1 Compliance of the malleo-incudal joint; 
Li 2.44 g.cm-4 Mass of incus;  
Ris 4.75E+04 dyne.sec.cm-5 Loss of the incudo-stapedial joint 
Cis 4.57E-10 cm5.dyne-1 Compliance of the incudo-stapedial joint 
Ls 2.44 g.cm-4  mass of stapes 
Lv 6.25 g.cm-4 Mass of perilymph in vestibule between stapes and basal end 

of basilar membrane 
Lo 52.4 g.cm-4 Mass of perilymph in helicotrema 
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Coefficient Default 
value Units Description or purpose 

Ral 2.06E+05 dyne.sec.cm-5 Resistance of annular ligament linear for stapes displacements 
< 10 microns 

Rc 2.64E+06 dyne.sec.cm-5 Resistance at base of cochlea 
Ro 1.80E+05 dyne.sec.cm-5 Resistance of perilymph in helicotrema 
Cal 4.90E-10 cm5.dyne-1 Compliance of annular ligament; linear for stapes 

displacements < 10 microns  
Crw 1.38E-08 cm5.dyne-1 Compliance of round-window 

Astapes 2.10E-02 cm2 Effective area of stapes footplate 
Lgap 30 µm Gapwidth of annular ligament 
Eo 0.01 unitless Equilibrium strain of annular ligament filaments 
Eb 0.2 unitless Breaking strain of annular ligament filaments 

Ramp 6 unitless ratio Ratio of  resistance to  stiffness of annular ligament at high 
loads 

So 1.00E+09 dyne.cm-3 Basilar membrane mechanical stiffness per unit area at base 
Mo 0.0058 g.cm-3 Effective mass of basilar membrane and vertically moving 

fluid, per unit area, at base of basilar membrane 
Rvo 91.2 dyne.sec.cm-3 Basilar membrane viscous-resistance per unit area at base 
Bo 0.008 cm Width of basilar membrane at base 
Ao 0.0125 cm2 Effective scala cross-section area = Sv*St/(Sv+St) 
Fo 20000 Hz Maximum audible frequency associated with motion at base of 

basilar membrane 
Delo 0.03 unitless Loss constant at base of basilar membrane full-width-at-half-

maximum/characteristic freq 
D1 0.666 cm S(x)=So exp(-x/D1) stiffness decrement characteristic length 

D1=1/(2/Dc-1/D2) 
D2 1 cm M(x)=Mo exp( x/D2) mass increment characteristic length  

(D2=D4/2) 
D3 1 cm R(x)=Rvo exp(x/D3) resistance increment characteristic 

length (D3=D4/2) 
D4 2 cm B(x)=Bo exp( x/D4) basilar membrane width increment 

characteristic length 
D5 2 cm A(x)=Ao exp(-x/D5) Scala area decrement characteristic 

length (D5=D4) 
Dc 0.8 cm F(x)=Fo exp(-x/Dc) characteristic length for resonant 

frequency 
Nw 2.0 unitless number of wavelengths of the wave on the basilar membrane 

Ca 0.5 unitless Cochlear amplifier gain (from 0.1 to 10) 
Bcoef 2 unitless Bcoef stress fatigue power-law coefficient  

XbApex 3.5 cm Length of cochlea from base to apex 
XbmFrom 0.425 cm Starting distance from base of basilar membrane 

XbmTo 3.175 cm Ending distance from base of basilar membrane 
XbmNo 23 unitless Number of analysis locations on basilar membrane 

SweightBase 1.0 unitless Stress weighting at base of cochlea X=0 
SweightApex 1.0 unitless Stress weight at apex of cochlea X=Xbapex 
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Coefficient Default 
value Units Description or purpose 

Damage 
Threshold 

0 cm Damage Threshold, displacement threshold on basilar 
membrane at which damage begins 

MemDelay 9.00E-03 seconds Activation time of aural reflex relative to arrival of sound for 
unwarned ear is 9.0E-3 s; for the warned ear this is always set 
to -50.0E-3 s by the program 

MemTimeCo
nst 

1.17E-02 seconds Rise-time constant after activation of aural reflex 

MemMagK 12 unitless Stiffness after divided by stiffness before activation of aural 
reflex 

MemMagR 12 unitless Loss after divided by loss before activation of aural reflex 
AdaptFactor 2.5 unitless Relaxation factor in auto-adaptive step-size algorithm in 

middle ear integrator 
CochlearGain

Factor 
0.0724 unitless WKB multiplicative factor (0.15 for WKBOrig) (0.025 for 

WKBTaper) 
WkbScalaBM
widthDecay 

0.75 cm-1 WKB characteristic decay inverse-length based on tapering 
factors 

CochlearMod
elType 

2 nominal 
value 

CochlearModelType: 3=WKB No Taper, 2=WKB Taper, 
1=WKB Untapered 

MakeXfrFile 0 nominal 
value 

Store calculated transfer function: 1=Yes, 0=No, (not used) 

PrintHazTabl
e 

1 nominal 
value 

Store distances, frequency locations and hazards in cochlea: 
1=Yes 0=No   

SaveBMD 0 nominal 
value 

Store basilar membrane displacement waveforms: 1=Yes 
0=No  (not used) 

SaveSTD 0 nominal 
value 

Store stapes displacement waveforms: 1=Yes 0=No  (not used) 

MultiGraph 0 nominal 
value 

MultiGraph: 1=Yes 0=No (not used) 

HornExtEar 1 nominal 
value 

Choice of exernal ear geometry model: 1=Exponential Horn, 
0=Three-cylinders 

Tm3Piston 1 nominal 
value 

Eardrum model: 1=Two pistons (three-piston model not used) 

TerminateCo
chlea 

0 nominal 
value 

Cochlear termination choice: 1=infinite length, 0=finite length 

Note: All values in this table are given as specific acoustic quantities. Ear protection property values in the man.coe file have 
been superseded by values in the "HPD Atten.txt" file. For additional details on the function of these parameters, see Price, G. 
R. and Kalb, J. T. (1991). “Insights into hazard from intense impulses from a mathematical model of the ear,” J. Acoust. Soc. 
Am., 90, 219-227. 

The values may be constant or else vary as a function of time, vk or qk as pressure 
levels rise and transmission becomes nonlinear. The acoustic transformer in the 
network can be removed by transforming the circuit elements to the right into 
primed values related to their original values and the transformer turns ratio Nt. In 
addition to the coefficient values provided in Table 1, physical constant values and 
addition term definitions are provided in Appendix A.   
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First, define the following pressures that are located at the indicated locations in the 
middle ear. The equations to be integrated are the following: 

𝑒𝑒𝑐𝑐   =   �𝑖𝑖2 −  𝑖𝑖1�𝑅𝑅𝑐𝑐′   basal end of cochlea (1) 

𝑒𝑒𝑖𝑖𝑖𝑖  𝑠𝑠 �𝑖𝑖3 −  𝑖𝑖2�𝑅𝑅𝑖𝑖𝑖𝑖′  +  (𝑞𝑞3 − 𝑞𝑞2)𝐾𝐾𝑖𝑖𝑖𝑖′  incudo-stapedial joint (2) 

𝑒𝑒𝑚𝑚𝑖𝑖   𝑖𝑖 �𝑖𝑖4 −  𝑖𝑖3�𝑅𝑅𝑚𝑚𝑖𝑖′ +  (𝑞𝑞4 − 𝑞𝑞3)𝐾𝐾𝑚𝑚𝑖𝑖′  malleolar-incudal joint (3) 

𝑒𝑒𝑑𝑑𝑖𝑖  𝑠𝑠 �𝑖𝑖6 −  𝑖𝑖4�𝑅𝑅𝑑𝑑𝑖𝑖 +  (𝑞𝑞6 − 𝑞𝑞4)𝐾𝐾𝑑𝑑𝑖𝑖 eardrum shunt piston (4) 

𝑒𝑒𝑑𝑑𝑐𝑐   𝑐𝑐 (𝑖𝑖4)𝑅𝑅𝑑𝑑𝑐𝑐            +  (𝑞𝑞4)𝐾𝐾𝑑𝑑𝑐𝑐  eardrum conductive piston (5) 

𝑒𝑒𝑚𝑚𝑚𝑚   𝑎𝑎 (𝑞𝑞6 − 𝑞𝑞5)𝐾𝐾𝑚𝑚  mastoid volume (6) 

In the k-th ear-canal volume-element the pressure is given by [ ]ece k  where k = 6 

is the element closest to the eardrum and k = 21 is the element at the ear-canal 
entrance. 

𝑒𝑒𝑒𝑒𝑐𝑐[𝑘𝑘]  =   �𝑞𝑞𝑘𝑘+1 −  𝑞𝑞𝑘𝑘�𝐾𝐾𝑒𝑒𝑐𝑐 [𝑘𝑘 − 5] for k = 6,7,8…21 (7) 

Define the following intermediate pressures in the vicinity of the eardrum. 

𝑒𝑒𝐿𝐿𝑒𝑒𝑐𝑐1  =   𝑒𝑒𝑒𝑒𝑐𝑐[6] − 𝑒𝑒𝑑𝑑𝑖𝑖 − 𝑒𝑒𝑚𝑚𝑚𝑚 inertial pressure  (8) 

𝑒𝑒𝐿𝐿𝑑𝑑𝑖𝑖𝐿𝐿𝑑𝑑𝑚𝑚  =   𝑒𝑒𝑑𝑑𝑖𝑖 − 𝑒𝑒𝑑𝑑𝑐𝑐 − 𝑒𝑒𝑚𝑚𝑖𝑖 sum of internal pressures on eardrum (9) 

1Lece  is the inertial pressure acting on the air mass in the ear-canal volume element 

which contacts the two pistons of the eardrum. LdsLdme  is the sum of the inertial 
pressures acting on the two pistons of the eardrum. The pressure drop across the 
air-plug in the ear-canal entrance is epl. 

𝑒𝑒𝑝𝑝𝑝𝑝  =   �𝑖𝑖22 −  𝑖𝑖23�𝑅𝑅𝑝𝑝𝑝𝑝 pressure drop (10) 

epl is pressure drop across air plug in ear canal entrance. 

𝑒𝑒𝑑𝑑𝑑𝑑  =   �𝑖𝑖24 −  𝑖𝑖22�𝑅𝑅𝑑𝑑𝑑𝑑 pressure drop  (11) 

edf. is the pressure drop across the resistive component of the diffraction sound field. 

Rates of change in volume flow rate currents are given with inductor inertial mass 
equivalents: 

 𝑑𝑑𝑖𝑖1
𝑑𝑑𝑑𝑑

   =   �𝑒𝑒𝑐𝑐 −  𝑖𝑖1𝑅𝑅𝑜𝑜′ �/𝐿𝐿𝑜𝑜′  (12) 
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 𝑑𝑑𝑖𝑖2
𝑑𝑑𝑑𝑑

   =   (𝑒𝑒𝑖𝑖𝑖𝑖 − 𝑒𝑒𝑐𝑐[𝑖𝑖2𝑅𝑅𝑚𝑚𝑝𝑝′ + 𝑞𝑞2(𝐾𝐾𝑚𝑚𝑝𝑝2′ + 𝐾𝐾𝑟𝑟𝑟𝑟′ )]) (𝐿𝐿𝑖𝑖′ + 𝐿𝐿𝑣𝑣′ )⁄  (13) 

 𝑑𝑑𝑖𝑖3
𝑑𝑑𝑑𝑑

   =   �𝑒𝑒𝑚𝑚𝑖𝑖 −  𝑒𝑒𝑖𝑖𝑖𝑖�𝐿𝐿𝑖𝑖′  (14) 

 𝐿𝐿𝑑𝑑𝑒𝑒𝑑𝑑2 =  �𝐿𝐿𝑑𝑑𝑖𝑖 +  𝐿𝐿𝑑𝑑𝑚𝑚�(𝐿𝐿𝑑𝑑𝑖𝑖 + 0.5𝐿𝐿𝑒𝑒𝑐𝑐[1]) − 𝐿𝐿𝑑𝑑𝑖𝑖2  (15) 

 𝑑𝑑𝑖𝑖4
𝑑𝑑𝑑𝑑

    =  [𝑒𝑒𝐿𝐿𝑒𝑒𝑐𝑐1𝐿𝐿𝑑𝑑𝑖𝑖 + 𝑒𝑒𝐿𝐿𝑑𝑑𝑖𝑖𝐿𝐿𝑑𝑑𝑚𝑚(𝐿𝐿𝑑𝑑𝑖𝑖 + 0.5𝐿𝐿𝑒𝑒𝑐𝑐[1])]/𝐿𝐿𝑑𝑑𝑒𝑒𝑑𝑑2  (16) 

 𝑑𝑑𝑖𝑖5
𝑑𝑑𝑑𝑑

    =  [𝑒𝑒𝑚𝑚𝑚𝑚 − (𝑖𝑖5𝑅𝑅ℎ + 𝑞𝑞5𝐾𝐾𝑏𝑏)]/𝐿𝐿ℎ (17) 

 𝑑𝑑𝑖𝑖6
𝑑𝑑𝑑𝑑

    =  [𝑒𝑒𝐿𝐿𝑒𝑒𝑐𝑐1(𝐿𝐿𝑑𝑑𝑚𝑚 + 𝐿𝐿𝑑𝑑𝑖𝑖) + 𝑒𝑒𝐿𝐿𝑑𝑑𝑖𝑖𝐿𝐿𝑑𝑑𝑚𝑚𝐿𝐿𝑑𝑑𝑖𝑖]/𝐿𝐿𝑑𝑑𝑒𝑒𝑑𝑑2  (18) 

 𝑑𝑑𝑖𝑖𝑘𝑘
𝑑𝑑𝑑𝑑

    =  (𝑒𝑒𝑒𝑒𝑐𝑐[𝑘𝑘] − 𝑒𝑒𝑒𝑒𝑐𝑐[𝑘𝑘 − 1])/𝐿𝐿𝑒𝑒𝑐𝑐[𝑘𝑘 − 5] (19) 

 𝑑𝑑𝑖𝑖22
𝑑𝑑𝑑𝑑

   =  �𝛽𝛽𝑟𝑟𝑝𝑝𝑑𝑑 + 𝑒𝑒𝑑𝑑𝑑𝑑 − 𝑒𝑒𝑝𝑝𝑝𝑝 − 𝑒𝑒𝑒𝑒𝑐𝑐[21]�/(0.5𝐿𝐿𝑒𝑒𝑐𝑐[17]) (20) 

 𝑑𝑑𝑖𝑖23
𝑑𝑑𝑑𝑑

   =  𝑒𝑒𝑝𝑝𝑝𝑝 𝐿𝐿𝑝𝑝𝑝𝑝  ⁄  (21) 

 𝑑𝑑𝑖𝑖24
𝑑𝑑𝑑𝑑

   =   �(𝛼𝛼𝑟𝑟 − 𝛽𝛽𝑟𝑟)𝑝𝑝𝑑𝑑 − 𝑒𝑒𝑑𝑑𝑑𝑑�/𝐿𝐿𝑑𝑑𝑑𝑑 (22) 

Details of the volume elements of the ear canal are shown in Fig. 14. 

 

Fig. 14 Details of volume element representation in ear canal 

A horn-cylinder model is used to simulate the concha and the ear canal. The ear 
canal is represented by a cylinder with cross section area, 𝑺𝑺𝟏𝟏, and length, 𝑳𝑳𝟏𝟏. 
Propagation through the ear canal is analyzed in 16 sections of the cylinder.  

𝐿𝐿𝑑𝑑𝑜𝑜𝑑𝑑   = 1 Total length of ear canal (cm) (23) 

𝑁𝑁𝑖𝑖      = 16 Number of ear canal sections (24) 

Δ𝑙𝑙     =  𝐿𝐿𝑑𝑑𝑜𝑜𝑑𝑑 𝑁𝑁𝑖𝑖⁄  Length of each ear canal section (25) 

𝑥𝑥       =   𝑘𝑘Δ𝑙𝑙 Distance from eardrum (cm) for k=1, 2, …, Ns (26) 
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𝑉𝑉(𝑥𝑥) (𝑐𝑐𝑐𝑐)  Volume of ear canal section (27) 

𝐴𝐴(𝑥𝑥) =  𝑉𝑉(𝑥𝑥) Δ𝑙𝑙⁄  Effective cross section of ear canal section (cm3) (28) 

𝐾𝐾𝑒𝑒(𝑘𝑘) =  𝜌𝜌0𝑐𝑐2 𝑉𝑉(𝑥𝑥)⁄  Acoustic compliance of ear canal section (29) 

𝐿𝐿𝑒𝑒(𝑘𝑘) =  
1
2
𝜌𝜌0Δ𝑙𝑙 𝐴𝐴(𝑥𝑥)⁄  

𝐿𝐿𝑒𝑒(𝑘𝑘) =  1
2
𝜌𝜌0Δ𝑙𝑙2 𝑉𝑉(𝑥𝑥)⁄  Acoustic mass of each half of ear canal section (30) 

The concha is represented by an exponential horn with throat area, S1, and 
mouth area, S2, and length, L2. 

𝐿𝐿𝑑𝑑𝑜𝑜𝑑𝑑 =  𝐿𝐿1 +  𝐿𝐿2 Total length from horn mouth to eardrum (31) 

𝑐𝑐 = 𝑙𝑙𝑙𝑙(𝑆𝑆2 𝑆𝑆1⁄ ) 𝐿𝐿2⁄  Exponential horn flare factor (32) 

𝑉𝑉(𝑥𝑥) =  𝑆𝑆1Δ𝑙𝑙 0 ≤ x ≤ 𝐿𝐿1 − Δ𝑙𝑙  (33) 

𝑉𝑉(𝑥𝑥) =  𝑆𝑆1(𝐿𝐿1 − 𝑥𝑥) +  𝑆𝑆1�𝑒𝑒𝑚𝑚(𝑥𝑥+Δ𝑝𝑝−𝐿𝐿1) − 1� 𝑐𝑐⁄  𝐿𝐿1 − Δ𝑙𝑙 < 𝑥𝑥 <  𝐿𝐿1 

𝑉𝑉(𝑥𝑥) =  𝑆𝑆1�𝑒𝑒𝑚𝑚(𝑥𝑥+Δ𝑝𝑝−𝐿𝐿1) − 𝑒𝑒𝑚𝑚(𝑥𝑥−𝐿𝐿1)� 𝑐𝑐⁄  𝐿𝐿1 ≤ 𝑥𝑥 ≤ 𝐿𝐿𝑑𝑑𝑜𝑜𝑑𝑑 − Δ𝑙𝑙  

Eardrum dynamics are described with a three-cylinder model - the eardrum 
cylinder area, 𝑺𝑺𝟏𝟏, and length, 𝑳𝑳𝟏𝟏, the outer ear canal cylinder, 𝑺𝑺𝟐𝟐, and length, 𝑳𝑳𝟐𝟐, 
and a concha cylinder, 𝑺𝑺𝟑𝟑, and length, 𝑳𝑳𝟑𝟑. 

 𝐿𝐿𝑑𝑑𝑜𝑜𝑑𝑑 =  𝐿𝐿1 + 𝐿𝐿2 + 𝐿𝐿3 (34) 

𝑉𝑉(𝑥𝑥) =  𝑆𝑆1Δ𝑙𝑙 0 ≤ 𝑥𝑥 ≤ 𝐿𝐿1 − Δ𝑙𝑙 (35) 

𝑉𝑉(𝑥𝑥) =  𝑆𝑆1(𝐿𝐿1 − 𝑥𝑥) + 𝑆𝑆2(𝑥𝑥 − Δ𝑙𝑙 − 𝐿𝐿1) 𝐿𝐿1 − Δ𝑙𝑙 < 𝑥𝑥 < 𝐿𝐿1 

𝑉𝑉(𝑥𝑥) =  𝑆𝑆2Δ𝑙𝑙 𝐿𝐿1 ≤ 𝑥𝑥 ≤ 𝐿𝐿1 + 𝐿𝐿2 − Δ𝑙𝑙 

𝑉𝑉(𝑥𝑥) =  𝑆𝑆2(𝐿𝐿11 + 𝐿𝐿2 − 𝑥𝑥) + 𝑆𝑆3(𝑥𝑥 + Δ𝑙𝑙 − 𝐿𝐿1 − 𝐿𝐿2) 𝐿𝐿1 + 𝐿𝐿2 − Δ𝑙𝑙 < 𝑥𝑥 < 𝐿𝐿1 + 𝐿𝐿2 

𝑉𝑉(𝑥𝑥) =  𝑆𝑆3Δ𝑙𝑙 𝐿𝐿1 + 𝐿𝐿2 ≤ 𝑥𝑥 ≤ 𝐿𝐿1 + 𝐿𝐿2 + 𝐿𝐿3 − Δ𝑙𝑙 

A general cross section right-cone-frustum model is applied as an array of N+1 
cross sectional areas, {𝑨𝑨𝟎𝟎,𝑨𝑨𝟏𝟏,𝑨𝑨𝟐𝟐, … ,𝑨𝑨𝑵𝑵}, measured at locations 
{𝟎𝟎,𝚫𝚫𝒍𝒍,𝟐𝟐𝚫𝚫𝒍𝒍, … ,𝑵𝑵𝚫𝚫𝒍𝒍}, where area 𝑨𝑨𝟎𝟎 is measured at the eardrum location 𝒙𝒙 = 𝟎𝟎, and 
𝑨𝑨𝑵𝑵 is measured at the canal-concha entrance at a distance 𝒙𝒙 = 𝑳𝑳𝒕𝒕𝒕𝒕𝒕𝒕 from the 
eardrum. The volume of the cone-frustum which begins at 𝒙𝒙𝒌𝒌 = 𝒌𝒌𝚫𝚫𝒍𝒍 with area 𝑨𝑨𝒌𝒌 
and ends at  

𝑥𝑥𝑘𝑘−1 = (𝑘𝑘 + 1)Δ𝑙𝑙 with area 𝐴𝐴𝑘𝑘+1 is: 

𝑉𝑉(𝑥𝑥𝑘𝑘) =
�𝐴𝐴𝑘𝑘+𝐴𝐴𝑘𝑘

1 2⁄ 𝐴𝐴𝑘𝑘+1
1 2⁄ +𝐴𝐴𝑘𝑘+1�

3
Δ𝑙𝑙 for 0 ≤ 𝑘𝑘 ≤ 𝑁𝑁𝑖𝑖 − 1 (36) 
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Annular ligament compliance model 

The annular ligament, which surrounds the footplate of the stapes at the entrance of 
the cochlea, is known to be a primary contributor to the cochlear input impedance 
(Lynch 1982). It is highly compliant for small movements about equilibrium, which 
is characteristic of normal listening levels. For larger forces due to higher SPLs, 
aural reflex rotations or imbalance in static pressures in fluid and air filled 
chambers, it reaches a displacement limit that is on the order of the width of the 
annular space, Lgap. In a simplified analysis of elastic properties of the ligament, 
Lynch assumed the material to be homogeneous, isotropic, relatively 
incompressible, and confined to the annular space. He found the shear modulus of 
the material to be 2–4 orders of magnitude lower than values for other ligaments. 
He concluded that the fibrous structure of the ligament would tend to make its 
elastic properties anisotropic and that the mechanically significant components of 
the ligament may not be uniformly distributed or completely confined. Bolz and 
Lim (1972) studied the annular ligament in several species and found that in adult 
animals, the structure of the ligament matched Lynch’s characterization as 
anisotropic. Based on these conclusions, the following nonlinear “hardening” 
ligament model was developed and is shown in Fig. 15.  

 

Fig. 15 Annular ligament shown as one of N standard springs 
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Figure 15 shows only 2 springs. All N springs are distributed around the stapes, in 
a plane perpendicular to the direction of stapes movement. Each spring contributes 
an equal force opposing lateral stapes movement.  

The constitutive elastic properties of each spring as would be measured on a linear 
elongation apparatus are assumed to have a “tangent elasticity characteristic” 
(Broch 1964). Such a model describes a Cellophane “shatter”-type material that is 
frangible rather than plastic (i.e., it remains intact under increasing loading up to a 
breaking-point at a limiting displacement, d). The strain in the material at breaking 
is assumed to be Eb, which is given a value of 0.20 typical for biologic materials. 
Also, the springs are assumed not to be relaxed but mounted between their hinges 
with a “loaded” strain Eo equal to 0.01, which produces an equivalent tension, T0,  
in the annular ligament, at zero stapes displacement, of 2.67E+01 dynes. The 
expression for the restoring force acting on the stapes footplate for a purely 
translational stapes displacement of 𝑥𝑥 is 

 𝐹𝐹(𝑧𝑧) =

⎣
⎢
⎢
⎢
⎡

𝑇𝑇0𝑧𝑧

�𝐿𝐿02+𝑧𝑧2
+ 𝐾𝐾𝑧𝑧 − 𝐾𝐾𝑧𝑧

�1+� 𝑧𝑧𝐿𝐿0
�
2

⎦
⎥
⎥
⎥
⎤
𝑡𝑡𝑎𝑎𝑙𝑙 � 𝜋𝜋𝑧𝑧

2𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚
� . (37) 

In Eq. 15, L0 is the initial annular ligament length at zero stapes displacement, K is 
the stapes spring constant, and xmax is the effective maximum stapes displacement 
allowed in AHAAH. 

This expression reduces to a linear expression for small displacements with the 
observed small-displacement spring constant, 𝐾𝐾𝑚𝑚𝑝𝑝, corresponding to a compliance 
given by of 𝐶𝐶𝑚𝑚𝑝𝑝 = 1

𝐾𝐾𝑚𝑚𝑝𝑝� . For large forces, the “Hookes-law” stiffness value 𝐾𝐾𝑚𝑚𝑝𝑝, 

increases by a stiffness amplification factor Kamp. Since the viscous properties of 
ligaments have not been measured at audio frequencies, a further assumption was 
made that the material resistance increased from its small displacement value Ral in 
direct proportion to the stiffness increase. This proportion is adjusted by a 
multiplicative amplification factor Ramp = 6. This has the effect of dissipating the 
energy stored in the system at very high intensities (reducing ringing) and in a 
physical sense is equivalent to the proposition that when driven very hard, the 
middle ear vibrates in modes that are not part of the normal conductive path.  

As a further refinement for purpose of stability in the numerical analysis a 
displacement was chosen arbitrarily close to the breaking point for which the 
restoring force was truncated and did not increase with further increases in 
displacement. This prevented force reversals for displacements beyond the 
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breaking point that occur in the tentative steps of the auto-adaptive integration 
procedure.  

The mathematical process of solving the given equations is implemented in Delphi 
(Embarcadero Technologies, Inc.) computed code. The source code for this process 
is included in Appendix B. 

7. Conclusion 

We have shown AHAAH is a quantitative, physical, dynamic model of auditory 
system respose to intense, high-pressure, impulsive waveforms. We intentionally 
created a physical dynamic model for the evaluation of hearing damage from 
impulsive sounds because the characteristic of impulsive waveforms can not be 
described by any single parameter, or even any combination a few waveform 
parameters, and we needed to maximize the possibility that the assessment process 
would describe, as closely as possible, the damage resulting from exposure to any 
possible time-dependent impulsive waveform. AHAAH performs calculations 
detailing the step-by-step transport of waveforms from the free-field to the 
displacements produced in the basilar membrane where mechanical damage 
produces hearing loss. AHAAH was developed from existing research results 
describing auditory system dynamics and from available experimental results 
quantifying the auditory system damage caused by exposure to high-pressure, 
impulsive waveforms. However, we do not rule out the possibility that future 
research might provide improved understandings and descriptions of auditory 
system behavior. The step-by-step calculation process has been described to 
provide the opportunity for further research measrements to be applied to further 
validate, or improve, the overall performance of AHAAH. Today, the AHAAH 
model can be used to assess the hazard of exposure to impulsive sounds. Use of the 
model has been described by Binseel et al. (2009), with model updates described 
by Fedele et al. (2013). We hope that the scientific process will continue, AHAAH 
will continue to be tested, compared against further valid experimental proceedures, 
and further validated and improved. We hope AHAAH, incuding any 
improvements, will provide the accurate hearing hazard predictions and associated 
materiel design guidance needed to keep protect hearing and ensure effective 
performance of Soldiers, military personnel, and all people.  
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𝜌𝜌𝑟𝑟 = 1 (𝑔𝑔 𝑐𝑐𝑐𝑐3⁄ )          Density of water 

𝑓𝑓0 = 20,000 (𝐻𝐻𝑧𝑧)      Maximum resonant frequency at base of 
basilar membrane 

𝜔𝜔0 = 2𝜋𝜋𝑓𝑓0 (𝑠𝑠𝑒𝑒𝑐𝑐−1)     Maximum resonant angular frequency 

𝑓𝑓 (𝐻𝐻𝑧𝑧)                         Excitation frequency 

𝜔𝜔 = 2𝜋𝜋𝑓𝑓 (𝑠𝑠𝑒𝑒𝑐𝑐−1)       Excitation angular frequency 

𝑎𝑎0 = 1.2𝐸𝐸 − 2 (𝑐𝑐𝑐𝑐2)    Effective scala cross-sectional area at base 

𝑏𝑏0 = 8.0𝐸𝐸 − 3 (𝑐𝑐𝑐𝑐)    BM width at base 

𝑆𝑆0 = 1.0𝐸𝐸 + 9 (𝑑𝑑𝑑𝑑𝑙𝑙𝑒𝑒 𝑐𝑐𝑐𝑐3⁄ )    BM stiffness at base 

𝑐𝑐0 =  𝑆𝑆0 �𝜔𝜔0⁄  (𝑔𝑔 𝑐𝑐𝑐𝑐2⁄ )   BM mass plus vertically moving fluid mass per unit 
area at base 

𝑋𝑋𝑏𝑏𝑚𝑚  (𝑐𝑐𝑐𝑐)     Distance along the BM from base 

𝐷𝐷𝐶𝐶 = 0.8 (𝑐𝑐𝑐𝑐)    BM resonant frequency decrease characteristic 
distance 

𝐷𝐷1 = 0.666 (𝑐𝑐𝑐𝑐)    BM stiffness decrease characteristic distance; 

𝐷𝐷1 =  1 (2 𝐷𝐷𝐶𝐶⁄ − 1 𝐷𝐷2⁄ )⁄     Distance factor 

𝐷𝐷2 = 1.0 (𝑐𝑐𝑐𝑐)    BM mass increase characteristic distance; 𝐷𝐷2 =
 𝐷𝐷4 2⁄  

𝐷𝐷3 = 1.0 (𝑐𝑐𝑐𝑐)    BM resistance increase characteristic distance; 
𝐷𝐷2 =  𝐷𝐷4 2⁄  

𝐷𝐷4 = 2.0 (𝑐𝑐𝑐𝑐)    BM width increase characteristic distance 

𝐷𝐷5 = 2.0 (𝑐𝑐𝑐𝑐)    Scalae area decrease characteristic distance; 𝐷𝐷5 =
𝐷𝐷4 

𝑐𝑐1 = 𝐶𝐶𝑔𝑔𝑓𝑓�𝜌𝜌𝑟𝑟 𝑐𝑐0𝑏𝑏0𝑎𝑎0⁄ 𝑎𝑎𝑖𝑖𝑑𝑑𝑚𝑚𝑝𝑝𝑒𝑒𝑖𝑖𝑒𝑒−075𝑋𝑋𝑏𝑏𝑚𝑚 𝐷𝐷2⁄     Frequency-independent 
amplitude term 

𝑁𝑁4 = �𝜌𝜌𝑟𝑟𝑏𝑏0 𝑐𝑐0𝑎𝑎0⁄ 2𝐷𝐷1𝐷𝐷2 (𝐷𝐷1 + 𝐷𝐷2)⁄     Number of waves 
propagating on BM 

𝛿𝛿0 = 0.03     Loss constant at base of BM 

𝑐𝑐𝑚𝑚 = 0.5     Cochlear amplifier gain 

𝜔𝜔𝑟𝑟 = 𝜔𝜔0𝑒𝑒−𝑋𝑋𝑏𝑏𝑚𝑚 𝐷𝐷𝑐𝑐⁄     Resonant frequency at distance 𝑋𝑋𝑏𝑏𝑚𝑚 

�̅�𝛾 = �1 − 𝑖𝑖𝛿𝛿0𝜔𝜔0 𝜔𝜔⁄    
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Appendix B. Computer Programming and Source Code 
Applications*

                                                 
*This appendix appears as an attachment to the PDF. 
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List of Symbols, Abbreviations, and Acronyms 

1-D 1-dimensional 

AHAAH Auditory Hazard Assessment Algorithm for Humans 

ARU(s) auditory risk units 

ATF acoustic test fixture 

BM basilar membrane 

CTS compound threshold shift 

dB  decibels 

dBP decibels pressure 

DNA deoxyribonucleic acid 

DRC damage risk criterion 

HPD(s) hearing protection device(s) 

HPM  Hearing Protection Module 

MIL-STD Military Standard 

MIRE microphone-in-real-ear 

OC organ of Corti 

OV occluded volume 

PPL(s) peak pressure level(s) 

PTS  permanent threshold shift 

Q quality factor 

REAT real ear attenuation at threshold 

S(s) subject(s) 

SD(s) standard deviation(s) 

SPL(s) sound pressure level(s) 

TS threshold shift 

TTS temporary threshold shift 

WKB Wentzel–Kramers–Brillouin Approximation 
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AHAAH MIL-STD 1474(E) source coding is shown in the following passage. Kalb 
(1987) programmed AHAAH in Delphi (® Embarcadero Technologies, Inc.). That 
source code is included in the following appendix.  


unit AHAAHUnit; 
interface 
 
uses 
  Windows, Messages, SysUtils, Classes, Graphics, Controls, 
Forms, Dialogs, 
  StdCtrls, ExtCtrls, ComCtrls, Menus, Grids, HRTimer, 
Clipbrd, Jpeg, Math; 
 
type 
  MphaseArray = array[1..80] of single; 
  TForm1 = class(TForm) 
    Edit1: TEdit; 
    Label1: TLabel; 
    OpenDialog1: TOpenDialog; 
    PrinterSetupDialog1: TPrinterSetupDialog; 
    PrintDialog1: TPrintDialog; 
    ProgressBar1: TProgressBar; 
    Memo1: TMemo;                                              
    Memo2: TMemo; 
    SaveDialog1: TSaveDialog; 
    MainMenu1: TMainMenu; 
    StringGrid1: TStringGrid; 
    PopupMenu1: TPopupMenu; 
    SelectSegment1: TMenuItem; 
    SetBaseline: TMenuItem; 
    Calibrate1: TMenuItem; 
    ApplyTaper1: TMenuItem; 
    Button1: TButton; 
    Button2: TButton; 
    Button3: TButton; 
    Button4: TButton; 
    Button5: TButton; 
    Button6: TButton; 
    Button7: TButton; 
    EstablishStart: TMenuItem; 
    Multiplydatabykeyboardinput1: TMenuItem; 
    Adjusttoknownpeakpressure1: TMenuItem; 
    Atm1: TMenuItem; 
    Bar1: TMenuItem; 
    PeakPressureLeveldB1: TMenuItem; 
    DynesCm21: TMenuItem; 
    millibarorhPa1: TMenuItem; 
    KiloPascals1: TMenuItem; 
    Pascals1: TMenuItem; 
    PSI1: TMenuItem; 
    Memo3: TMemo; 







    Analyze1: TMenuItem; 
    NoProtectorWarned1: TMenuItem; 
    NoProtectorUnWarned1: TMenuItem; 
    Button9: TButton; 
    Button10: TButton; 
    Button11: TButton; 
    Stats1: TMenuItem; 
    Button12: TButton; 
    Resample1: TMenuItem; 
    Help1: TMenuItem; 
    TransferFunctions1: TMenuItem; 
    Batch2: TMenuItem; 
    N21: TMenuItem; 
    N81: TMenuItem; 
    script1: TMenuItem; 
    folder1: TMenuItem; 
    N31: TMenuItem; 
    N12: TMenuItem; 
    script2: TMenuItem; 
    folder2: TMenuItem; 
    N51: TMenuItem; 
    Button8: TButton; 
    EAmodelStdMulAHA: TMenuItem; 
    N7CustomProtectorAdjustCoefficients1: TMenuItem; 
    MultipleFitEAHPDModel: TMenuItem; 
    CompleteSingleAHAMultipleHPD1: TMenuItem; 
    N10Merge1: TMenuItem; 
    N11Albuquerque1: TMenuItem; 
    Button13: TButton; 
    ConstrainedMassVersionof61: TMenuItem; 
    FixMassVolume1: TMenuItem; 
    ConstrainedMassandVolumeEarmuff1: TMenuItem; 
    ConstrainedMassEarmuff1: TMenuItem; 
    MultipleAHAandHPD1: TMenuItem; 
    MultipleAHAfilesHPDScript1: TMenuItem; 
    DoubleHearingProtectionModel1: TMenuItem; 
    NonLinearEarplugModel1: TMenuItem; 
    Earmuff21: TMenuItem; 
    Plug21: TMenuItem; 
    Panel1: TPanel; 
    GroupBox1: TGroupBox; 
    GroupBox2: TGroupBox; 
    GroupBox3: TGroupBox; 
    RadioButton1: TRadioButton; 
    RadioButton2: TRadioButton; 
    RadioButton3: TRadioButton; 
    RadioButton4: TRadioButton; 
    RadioButton5: TRadioButton; 
    RadioButton6: TRadioButton; 
    RadioButton7: TRadioButton; 
    RadioButton8: TRadioButton; 
    RadioButton9: TRadioButton; 







    Button14: TButton; 
    Label3: TLabel; 
    Label2: TLabel; 
    Timer1: TTimer; 
    Panel2: TPanel; 
    Label4: TLabel; 
    ListBox1: TListBox; 
    ProgressBar2: TProgressBar; 
    TimeReversal1: TMenuItem; 
    TrendRemoval1: TMenuItem; 
    Button15: TButton; 
    FreeFieldtoCEPressure1: TMenuItem; 
    FreeFieldtoEDPressure1: TMenuItem; 
    Filter1: TMenuItem; 
    Aweight1: TMenuItem; 
    Highpass1: TMenuItem; 
    LowPass1: TMenuItem; 
    N13octavebandpass1: TMenuItem; 
    AweightExponentiallyAveraged1: TMenuItem; 
    AweightedLeq1: TMenuItem; 
    N8hour1: TMenuItem; 
    N1secSELA1: TMenuItem; 
    N100msec1: TMenuItem; 
    CHABAcriterion1: TMenuItem; 
    Pfandercriterion1: TMenuItem; 
    Smoorenburgcriterion1: TMenuItem; 
    AweightedLeqrevised1: TMenuItem; 
    File1: TMenuItem; 
    OpenAHAwaveform1: TMenuItem; 
    OverlayAHAwaveform1: TMenuItem; 
    Importwaveform1: TMenuItem; 
    N1: TMenuItem; 
    SaveAHAwaveform1: TMenuItem; 
    SaveAHAwaveformas1: TMenuItem; 
    SaveWAVwaveform1: TMenuItem; 
    N2: TMenuItem; 
    Copyscreentoclipboard1: TMenuItem; 
    Copywaveformtoclipboard1: TMenuItem; 
    Copyospectrumtoclipboard1: TMenuItem; 
    N3: TMenuItem; 
    Exit1: TMenuItem; 
    Kurtosis1: TMenuItem; 
    MILSTD1474D1: TMenuItem; 
    ApplyEarProtector1: TMenuItem; 
    DefaultMode1: TMenuItem; 
    PowerUserMode1: TMenuItem; 
    Plug1: TMenuItem; 
    MUFF1: TMenuItem; 
    OTHER1: TMenuItem; 
    PLUGMUFF1: TMenuItem; 
    Help2: TMenuItem; 
    PLUG2: TMenuItem; 







    MUFF2: TMenuItem; 
    PLUGMUFF2: TMenuItem; 
    LEVELINDEPENDENT1: TMenuItem; 
    LEVELDEPENDENT1: TMenuItem; 
    LEVELINDEPENDENT2: TMenuItem; 
    LEVELDEPENDENT2: TMenuItem; 
    procedure Button7a; 
    procedure OpenNewFileType3; 
    procedure OpenNewFileType4; 
    procedure OpenNewFileType5; 
    procedure OpenNewFileType6; 
    procedure ClearCanvas; 
    procedure ClearUpperCanvas; 
    procedure PlotLinearAxes; 
    procedure PlotLinearAxes2; 
    procedure PlotLinearAxes3; 
    procedure PlotLogAxes; 
    procedure PlotLogAxes2; 
    procedure PlotLogAxes3; 
    procedure PressureTimePlot; 
    procedure PressureTimePlot2; 
    procedure PlotStDispTime; 
    procedure PlotBMDispSpace; 
    procedure TimeDomainModel1; 
    procedure TimeDomainModel2; 
    procedure TimeDomainModel3; 
    procedure TimeDomainModel4; 
    procedure TimeDomainModel5; 
    procedure TimeDomainModel6; 
    procedure TimeDomainModel7; 
    procedure TimeDomainModel8; 
    procedure TimeDomainModel9; 
    procedure TimeDomainModel10; 
    procedure CochlearModel; 
    procedure SaveForm; 
    procedure RestoreForm; 
    procedure ReleaseForm; 
    procedure PopupItemClick(Sender: TObject); 
    procedure FormCreate(Sender: TObject); 
    procedure Exit1Click(Sender: TObject); 
    procedure Memo1Click(Sender: TObject); 
    procedure Memo2DblClick(Sender: TObject); 
    procedure Print1Click(Sender: TObject); 
    procedure Edit2Click(Sender: TObject); 
    procedure ViewWaveformClick(Sender: TObject); 
    procedure FormActivate(Sender: TObject); 
    procedure Button1Click(Sender: TObject); 
    procedure FormMouseDown(Sender: TObject; Button: 
TMouseButton; 
      Shift: TShiftState; X, Y: Integer); 
    procedure FormMouseMove(Sender: TObject; Shift: 
TShiftState; X, 







      Y: Integer); 
    procedure FormMouseUp(Sender: TObject; Button: 
TMouseButton; 
      Shift: TShiftState; X, Y: Integer); 
    procedure Button2Click(Sender: TObject); 
    procedure SelectSegment1Click(Sender: TObject); 
    procedure SetBaselineClick(Sender: TObject); 
    procedure Button3Click(Sender: TObject); 
    procedure Button4Click(Sender: TObject); 
    procedure Button5Click(Sender: TObject); 
    procedure ApplyTaper1Click(Sender: TObject); 
    procedure Button6Click(Sender: TObject); 
    procedure EstablishStartClick(Sender: TObject); 
    procedure Atm1Click(Sender: TObject); 
    procedure Bar1Click(Sender: TObject); 
    procedure PeakPressureLeveldB1Click(Sender: TObject); 
    procedure DynesCm21Click(Sender: TObject); 
    procedure millibarorhPa1Click(Sender: TObject); 
    procedure KiloPascals1Click(Sender: TObject); 
    procedure Pascals1Click(Sender: TObject); 
    procedure PSI1Click(Sender: TObject); 
    procedure PrinterSetup1Click(Sender: TObject); 
    procedure Save1Click(Sender: TObject); 
    procedure SaveAs1Click(Sender: TObject); 
    procedure CalculateHazard2; 
    procedure CalculateHazard3; 
    procedure CalculateHazard4; 
    procedure NoProtectorWarned1Click(Sender: TObject); 
    procedure NoProtectorUnWarned1Click(Sender: TObject); 
    procedure NewWaveform1Click(Sender: TObject); 
    procedure Multiplydatabykeyboardinput1Click(Sender: 
TObject); 
    procedure Button11Click(Sender: TObject); 
    procedure Stats1Click(Sender: TObject); 
    procedure Button12Click(Sender: TObject); 
    procedure Resample1Click(Sender: TObject); 
    procedure AnimateClick(Sender: TObject); 
    procedure UnwrapCochleaClick(Sender: TObject); 
    procedure Movie; 
    procedure MovieStartClick(Sender: TObject); 
    procedure ReRunMovieClick(Sender: TObject); 
    procedure FormKeyDown(Sender: TObject; var Key: 
Word;Shift: TShiftState); 
    procedure SaveMovieClick(Sender: TObject); 
    procedure CancelMovieClick(Sender: TObject); 
    procedure Help1Click(Sender: TObject); 
    procedure CopyToClipboard1Click(Sender: TObject); 
    procedure CopyWaveformToClipboard1Click(Sender: 
TObject); 
    procedure MinimumPhase; 
    procedure MinimumPhase2; 
    procedure OverlayAHAWaveform1Click(Sender: TObject); 







    procedure Bduration1Click(Sender: TObject); 
    procedure ProcessCell; 
    procedure StringGrid1SelectCell(Sender: TObject; ACol, 
ARow: Integer; 
      var CanSelect: Boolean); 
    procedure StringGrid1KeyDown(Sender: TObject; var Key: 
Word; 
      Shift: TShiftState); 
    procedure DynaMenuClick(Sender: TObject); 
    procedure LabelProgressBar; 
    procedure script1Click(Sender: TObject); 
    procedure folder1Click(Sender: TObject); 
    procedure N31Click(Sender: TObject); 
    procedure N81Click(Sender: TObject); 
    procedure script2Click(Sender: TObject); 
    procedure folder2Click(Sender: TObject); 
    procedure N51Click(Sender: TObject); 
    procedure CalculateSpectrum1Click(Sender: TObject); 
    procedure EAMuffModel1Click(Sender: TObject); 
    procedure CopySpectrumToClipboard1Click(Sender: 
TObject); 
    procedure SingleProtectorUnwarned1Click(Sender: 
TObject); 
    procedure SingleProtectorWarned1Click(Sender: TObject); 
    procedure OpenDialog1Show(Sender: TObject); 
    procedure EAmodelStdMulAHAClick(Sender: TObject); 
    procedure DoubleprotectionWarnedClick(Sender: TObject); 
    procedure DoubleprotectionUnwarnedClick(Sender: 
TObject); 
    procedure CustomprotectorWarnedClick(Sender: TObject); 
    procedure CustomprotectorUnwarnedClick(Sender: TObject); 
    procedure 
N7CustomProtectorAdjustCoefficients1Click(Sender: TObject); 
    procedure PlotEaPlugModel; 
    procedure PlotEaMuffModel; 
    procedure MultipleFitEAHPDModelClick(Sender: TObject); 
    procedure Button8Click(Sender: TObject); 
    procedure FormMouseWheelUp(Sender: TObject; Shift: 
TShiftState; 
      MousePos: TPoint; var Handled: Boolean); 
    procedure FormMouseWheelDown(Sender: TObject; Shift: 
TShiftState; 
      MousePos: TPoint; var Handled: Boolean); 
    procedure N10Merge1Click(Sender: TObject); 
    procedure CompleteSingleAHAMultipleHPD1Click(Sender: 
TObject); 
    procedure ConstrainedMassVersionof61Click(Sender: 
TObject); 
    procedure FixMassVolume1Click(Sender: TObject); 
    procedure ConstrainedMassandVolumeEarmuff1Click(Sender: 
TObject); 
    procedure ConstrainedMassEarmuff1Click(Sender: TObject); 







    procedure PredictCEPressure1Click(Sender: TObject); 
    procedure PredictTMPressure1Click(Sender: TObject); 
    procedure MultipleAHAandHPD1Click(Sender: TObject); 
    procedure MultipleAHAfilesHPDScript1Click(Sender: 
TObject); 
    procedure DoubleHearingProtectionModel1Click(Sender: 
TObject); 
    procedure Earmuff21Click(Sender: TObject); 
    procedure Plug21Click(Sender: TObject); 
    procedure NRorIL1Click(Sender: TObject); 
    procedure Button14Click(Sender: TObject); 
    procedure Timer1Timer(Sender: TObject); 
    procedure FormDestroy(Sender: TObject); 
    procedure Filter13octaveband1Click(Sender: TObject); 
    procedure ListBox1Click(Sender: TObject); 
    procedure ListBox1DblClick(Sender: TObject); 
    procedure Lowpassfilter1Click(Sender: TObject); 
    procedure ReverbClick(Sender: TObject); 
    procedure AwtFilterWaveform1Click(Sender: TObject); 
    procedure Highpassfilter1Click(Sender: TObject); 
    procedure Quartic1Click(Sender: TObject); 
    procedure AwtFreqResponse1Click(Sender: TObject); 
    procedure Butterworth12poleLP1Click(Sender: TObject); 
    procedure DigitalFilterSet1Click(Sender: TObject); 
    procedure TwoDigitalFilterSet1Click(Sender: TObject); 
    procedure TimeReversal1Click(Sender: TObject); 
    procedure TrendRemoval1Click(Sender: TObject); 
    procedure Button15Click(Sender: TObject); 
    procedure PreEqualizeFF1Click(Sender: TObject); 
    procedure OTBEqualize1Click(Sender: TObject); 
    procedure AwtTimeAvgClick(Sender: TObject); 
    procedure FreeFieldtoCEPressure1Click(Sender: TObject); 
    procedure FreeFieldtoEDPressure1Click(Sender: TObject); 
    procedure OpenAHAwaveform1Click(Sender: TObject); 
    procedure GetHPDData; 
    procedure SaveAHAwaveformas1Click(Sender: TObject); 
    procedure SaveAHAwaveform1Click(Sender: TObject); 
    procedure Copyscreentoclipboard1Click(Sender: TObject); 
    procedure Importwaveform1Click(Sender: TObject); 
    procedure N2Freefieldandprotectedwaveforms1Click(Sender: 
TObject); 
    procedure Copyospectrumtoclipboard1Click(Sender: 
TObject); 
    procedure FormDblClick(Sender: TObject); 
    procedure Highpass1Click(Sender: TObject); 
    procedure LowPass1Click(Sender: TObject); 
    procedure ApplyEarProtector1Click(Sender: TObject); 
    procedure Help2Click(Sender: TObject); 
 
  private 
    { Private declarations } 







     dlgTitle: PChar; 
  public 
    { Public declarations } 
  end; 
 
const 
  BufSize  =67108864{16777216}; { 2^26 bytes, 1.05M 16-bit 
integers, 0.524M single prec} 
  IbufSize =33554432{8388608};  {2^25 bytes to initially hold 
8 columns of 32768 singles } 
  SbufSize =  524287;  { 2^19 - 1 single precision numbers } 
  XbufSize =  262145;  { 2^18 + 1 Re,Im parts of FFT of size 
262144 time samples } 
 
  ErrTol =     1e-3; { *15 for Richardson criteria } 
  XbmNoMax =     23; 
  LinesToDisplay = 150; { Lines displayed in Editing Memo Box 
} 
  ThresholdLevel = 134; { Start level in dB } 
  Navg = 10;            { Number of samples averaged at 
beginning } 
  DtDefault = 10e-6;    { Default sample time interval } 
  YscfDefault = 1;      { Default vertical scale factor } 
  Est = 5e-3;           { Establish start time = 5 milliseconds 
} 
  CrLf = Chr($0D)+Chr($0A); 
  TimeOutMSec: integer = 15; { millisec } 
  AHAHeaderLinesOld = 29; {0..29} 
 
//  HPDFreq : array[1..10] of single = 
(63,125,250,500,1000,2000,3150,4000,6300,8000); 
{ 
  HPDFreq : array[1..7] of single = 
(125,250,500,1000,2000,4000,8000); 
} 
 
  HPDFreq : array[1..25] of single = 
(63,80,100,125,160,200,250,320,400,500,640, 
  
800,1000,1250,1600,2000,2500,3150,4000,5000,6300,8000,10000
,12500,16000); 
 
 
  Xtwt : array[1..30] of single = 
(25,31.5,40,50,63,80,100,125,160,200,250,315,400,500, 
    
630,800,1000,1250,1600,2000,2500,3150,4000,5000,6300,8000,1
0000,12500,16000,0); 
(*  Xd : array[1..Maxr] of single = 
(14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30, 
    31,32,33,34,35,36,37,38,39,40,41,42); 







 
   Values are interpolated from Berger E.H, Ward, Morril, 
Royster 
     Noise and Hearing Conservation Manual, 4 the edition 
     American Industrial Hygeine Association 
 
  Ytwt : array[1..30] of single = (-44.7,-39.4,-34.6,-30.2,-
26.2,-22.5,-19.1,-16.1,-13.4, 
  -10.9,-8.6,-6.6,-4.8,-3.2,-1.9,-
0.8,0,0.6,1,1.2,1.3,1.2,1,0.5,-0.1,-1.1,-2.5,-4.3,-6.5,0); 
{A-wt} 
*) 
  Ydata: array[1..9] of single = 
(2.07,8.6,14.42,15.8,18.92,17.96,12.98,6.45,0.27); 
  Ytwt : array[1..30] of single = (-68,-63,-58,-52.5,-48,-
42.5,-38,-33,-28,-22.5,-18, 
    -13,-8,-3,-1,-0.1,0,0.2,1,3.5,7.5,8.5,8,3.5,-3,-7.5,-
8.7,-10,-19,0); {T-wt} 
  {Band No 15 to 43} 
 
  Atol : array[1..34] of single = (-70.4,-63.4,-56.7,-50.5,-
44.7,-39.4,-34.6,-30.2,-26.2,-22.5,-19.1,-16.1, 
          -13.4,-10.9,-8.6,-6.6,-4.8,-3.2,-1.9,-
0.8,0,0.6,1.0,1.2,1.3,1.2,1.0, 
          0.5,-0.1,-1.1,-2.5,-4.3,-6.6,-9.32); 
 
  Atolx : array[1..34] of single = 
(2,2,2,2,1.5,1,1,1,1,1,0.7,0.7,0.7,0.7,0.7,0.7,0.7,0.7, 
          
0.7,0.7,0.7,0.7,0.7,0.7,0.7,0.7,0.7,1,1,1,2,2,2,2);   { Type 
0 } 
  Atoln : array[1..34] of single = 
(5,4,3,2,1.5,1,1,1,1,1,0.7,0.7,0.7,0.7,0.7,0.7,0.7,0.7, 
          
0.7,0.7,0.7,0.7,0.7,0.7,0.7,0.7,0.7,1,1.5,2,3,3,3,3); { Type 
0 } 
 
(* 
  Atolx : array[1..34] of single = 
(4,3.5,3,2.5,2,1.5,1.5,1,1,1,1,1,1,1,1,1,1,1, 
          1,1,1,1,1,1,1,1,1,1.5,1.5,1.5,2,3,3,3);   { Type 1 
} 
  Atoln : array[1..34] of single = 
(4,3.5,3,2.5,2,1.5,1.5,1,1,1,1,1,1,1,1,1,1,1, 
          1,1,1,1,1,1,1,1,1,1.5,2,3,4,6,20,20); { Type 1 } 
*) 
 
  Tfoe: array[-3..8,23..40] of single 
=((0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0), 
                                                              
{ISL no CEED} 







            (0.2,0.2,0.3,0.4,0.5,0.6,0.9,1.4,2.0,2.6,4.0, 
             6.4,9.2,10.2,6.5,2.6,1.5,5.8),                   
{Shaw CEED} 
            (0.00,0.00,-0.01,-0.02,0.14,0.33,0.60,0.52,1.2, 
             1.1,1.5,3.0,6.1,11.5,12.3,6.4,4.7,5.3),          
{MM CEED} 
            (-0.9,-1,-0.1,0,2.4,3.8,4.9,5.1,3.9,7,9.8, 
            13.6,18.8,16.5,11.1,-1.4,0.9,1.7),                
{ISL 0deg FFED} 
            (0.5,1,1.4,1.5,1.8,2.4,3.1,2.6,3,6.1,12,16.8, 
             14.9,14.3,10.7,6.4,1.8,-1.7),                    
{Shaw 0deg FFED} 
            (0.3,0.8,1.1,1.1,1.3,1.8,2.2,1.2,1,3.5,8,10.4, 
             5.7,4.1,4.2,3.8,0.3,-7.5),                       {MM 
0deg FFCE} 
            
(1.6,1.8,2.1,2.5,3.1,3.9,4.8,7.0,11.8,12.1,13.4, 
             16.3,17.7,18.3,17.2,10.5,8.9,14.9),              
{ISL 90deg FFED} 
            (2.1,2.8,3.7,4.9,6.3,7.4,8.2,8.2,9.1,10.6,14, 
             18.9,16.8,14,14.7,16.5,10.5,4.5),                
{Shaw 90deg FFED} 
            (1.9,2.6,3.4,4.5,5.8,6.8,7.3,6.8,7.1,8,10,12.5, 
             7.6,3.8,8.2,13.9,9,-1.3),                        {MM 
90deg FFCE} 
            (-1.1,-1,-2.2,-3,-0.5,0.9,2.7,3.5,2.5,3.4,7.8, 
             10.1,13.3,8.8,5,-4.3,-1.7,-2.4),                 
{ISL 270deg FFED} 
            (-1.1,-
0.5,0,0.3,0.8,1.1,1.6,1.4,1.9,3,5.1,8.5,5, 
             1.1,-1.2,-4.7,-7.2,-14.8),                       
{Shaw 27deg FFED} 
            (-1.3,-0.7,-0.3,-0.1,0.3,0.5,0.7,0,-
0.1,0.4,1.1, 
             2.1,4.2,-9.1,-7.7,-7.3,-8.7,-20.6));             
{MM 270deg FFCE} 
(* 
  Tfoe: array[-3..8,23..40] of single 
=((0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0), 
                                                              
{ISL no CEED} 
            (0.2,0.2,0.3,0.4,0.5,0.6,0.9,1.4,2.0,2.6,4.0, 
             6.4,9.2,10.2,6.5,2.6,1.5,5.8),                   
{Shaw CEED} 
            (0.00,0.00,-0.01,-0.02,0.14,0.33,0.60,0.52,1.2, 
             1.1,1.5,3.0,6.1,11.5,12.3,6.4,4.7,5.3),          
{MM CEED} 
            (-0.9,-1,-0.1,0,2.4,3.8,4.9,5.1,3.9,7,9.8, 
            13.6,18.8,16.5,11.1,-1.4,0.9,1.7),                
{ISL 0deg FFED} 
            (0.5,1,1.4,1.5,1.8,2.4,3.1,2.6,3,6.1,12,16.8, 







             14.9,14.3,10.7,6.4,1.8,-1.7),                    
{Shaw 0deg FFED} 
            (0.3,0.8,1.1,1.1,1.3,1.8,2.2,1.2,1,3.5,8,10.4, 
             5.7,4.1,4.2,3.8,0.3,-7.5),                       {MM 
0deg FFCE} 
            (0.2,0.9,2.2,2.6,5.3,6.9,7.3,5.9,7.2,9.3,14.2, 
             15.4,17.3,16.1,12.6,7.5,8.7,6.2),                
{ISL 90deg FFED} 
            (2.1,2.8,3.7,4.9,6.3,7.4,8.2,8.2,9.1,10.6,14, 
             18.9,16.8,14,14.7,16.5,10.5,4.5),                
{Shaw 90deg FFED} 
            (1.9,2.6,3.4,4.5,5.8,6.8,7.3,6.8,7.1,8,10,12.5, 
             7.6,3.8,8.2,13.9,9,-1.3),                        {MM 
90deg FFCE} 
            (-1.1,-1,-2.2,-3,-0.5,0.9,2.7,3.5,2.5,3.4,7.8, 
             10.1,13.3,8.8,5,-4.3,-1.7,-2.4),                 
{ISL 270deg FFED} 
            (-1.1,-
0.5,0,0.3,0.8,1.1,1.6,1.4,1.9,3,5.1,8.5,5, 
             1.1,-1.2,-4.7,-7.2,-14.8),                       
{Shaw 27deg FFED} 
            (-1.3,-0.7,-0.3,-0.1,0.3,0.5,0.7,0,-
0.1,0.4,1.1, 
             2.1,4.2,-9.1,-7.7,-7.3,-8.7,-20.6));             
{MM 270deg FFCE} 
*) 
      Jtk: array[1..21,1..13] of double = 
           { n fc=1k2^n/3 fn  x=fc/fn   g } 
           {        A11            A12             A21            
A22  } 
           {        A31            A32             A41            
A42  } 
          ((13,20158.74,33333,0.6048,1.398965e-003, 
            
0.4271931429706,0.6507835714870,0.7058359070287, 
0.6688187154781, 
            0.2537943818097, 
0.8380423260769,0.9676382114173, 0.8588031228122), 
           (12,16000   ,33333,0.4800,6.117619e-004, 
            0.0255856612453, 0.7199867751099,-
0.2090909109199, 0.7217444434708, 
            0.2041172968447, 0.8756154496082,-
0.4001379798639, 0.8776162629865), 
           (11,12699.21,33333,0.3810,2.630734e-004, 
           -0.5481726730665, 0.7680973049605,-
0.7290964370880, 0.7765090453813, 
           -0.4470617218527, 0.8955564447413,-
0.9045670188290, 0.9049460326968), 
           (12,16000   ,32000,0.5000,7.0891343143030e-004, 
           -0.1036779318776,0.7106162138974, 
0.1400256506893, 0.7109922258716, 







           -0.2948350311070,0.8717570306947, 
0.3337263325827, 0.8721863737187), 
           (11,12699.21,32000,0.3969,3.0570345900997e-004, 
           -0.4567316949160,0.7600137806085,-
0.6470963757899, 0.7677342554187, 
           -0.3433749788072,0.8920700249009,-
0.8266303196571, 0.9007186913115), 
           (10,10079.37,32000,0.3150,1.2988503396320e-004, 
           -0.9176289216381,0.8031329512500,-
1.0574297531229, 0.8131854498802, 
           -0.8641152418766,0.9110421394537,-
1.2105604348701, 0.9220830099736), 
           (12,16000   ,31250,0.5120,7.7211913242082e-004, 
           -0.0407580919490,0.7039102089780, 
0.2080129924122, 0.7057232478787, 
           -0.2314565671936,0.8681694693084, 
0.4105878904661, 0.8702430986967), 
           (11,12699.21,31250,0.4064,3.3351141979729e-004, 
           -0.4015872845029,0.7552281967507,-
0.5974942943670, 0.7624719759821, 
           -0.2807971683857,0.8900263515841,-
0.7791970640707, 0.8981577902560), 
           (10,10079.37,31250,0.3225,1.4190090520367e-004, 
           -0.8765203743925,0.7990066738857,-
1.0211203362391, 0.8089634295696, 
           -0.8179201719410,0.9091938193641,-
1.1772125650956, 0.9201510079089), 
           (11,12699.21,25000,0.5080,7.5046322447859e-004, 
           -0.0618613969468,0.7061658892146, 
0.1852371060202, 0.7074823683066, 
           -0.2527583234048,0.8693811017786, 
0.3848524300028, 0.8708859845056), 
           (10,10079.37,25000,0.4032,3.2397751552470e-004, 
           -0.4201321672033,0.7568304665500,-
0.6141882141358, 0.7642397285980, 
           -0.3018451516593,0.8907087926209,-
0.7951853765008, 0.8990202717906), 
           (9, 8000    ,25000,0.3200,1.3777897115841e-004, 
           -0.8903742135919,0.8003897669450,-
1.0333628122118, 0.8103811638814, 
           -0.8334955939471,0.9098127813010,-
1.1884706033000, 0.9208008796593), 
           (11,12699.21,24000,0.5291,8.6902292047704e-004, 
           0.0484345645461,0.6942895901403, 0.3039694748826, 
0.6983769234307, 
           -0.1409149492110,0.8629444396312, 
0.5188429425299, 0.8676291143386), 
           (10,10079.37,24000,0.4200,3.7624749474322e-004, 
           -0.3226250347683,0.7484822906208,-
0.5262642379714, 0.7549607695565, 
           -0.1911491923961,0.8871745393429,-
0.7106999761906, 0.8944676926616), 







           (9,8000     ,24000,0.3333,1.6040574966265e-004, 
           -0.8171905170260,0.7931653336265,-
0.9686216137145, 0.8029463463844, 
           -0.7511381041065,0.9065866127513,-
1.1287745450456, 0.9173800912322), 
           (11,12699.21,22050,0.5759,1.1762340941959e-003, 
            0.2863381172925,0.6676272015810, 
0.5574503322082, 0.6794812010755, 
            0.1049145825080,0.8479451488280, 
0.8030173305126, 0.8615836533251), 
           (10,10079.37,22050,0.4571,5.1244351730283e-004, 
           -0.1067112142284,0.7305973443928,-
0.3302073709717, 0.7344332191176, 
            0.0540329216206,0.8798121059529,-
0.5198188133432, 0.8841614931047), 
           (9,8000.00,22050,  0.3628,2.1964963266755e-004, 
           -0.6519079259884,0.7775163295405,-
0.8217551414950, 0.7865699203126, 
           -0.5645202922708,0.8996663500836,-
0.9919145893106, 0.9097296561689), 
           (10,10079.37,16666.5,0.6048,1.398965e-003, 
           0.4271931429707, 0.6507835714870,0.7058359070287, 
0.6688187154781, 
           0.2537943818096, 0.8380423260768,0.9676382114173, 
0.8588031228122), 
           (9,8000,16666.5, 0.4800,6.117619e-004, 
           0.0255856612453, 0.7199867751099,-
0.2090909109199, 0.7217444434708, 
           0.2041172968447, 0.8756154496082,-
0.4001379798639, 0.8776162629865), 
           (8,6349.6,16666.5,0.3810,2.630734e-004, 
           -0.5481726730665, 0.7680973049605,-
0.7290964370880, 0.7765090453813, 
           -0.4470617218527, 0.8955564447413,-
0.9045670188290, 0.9049460326968)); 
 
 
type 
  Ary2=array[0..45] of double; 
  Ary4=array[1..50,0..2] of double; 
  buf =  array[0..BufSize] of byte; 
{  Sbuf = array[0..SbufSize] of single;} 
  Ibuf = array[0..IbufSize] of single; 
  Xbuf = array[1..XbufSize] of single; 
  Xptr = ^Xbuf; 
  Mbuf = array[-4..SbufSize,-1..XbmNoMax] of single; 
  MPtr = ^Mbuf; 
 
var 
  Xtfoe, Ytfoe : array[1..20] of single; 
  U : array[1..65536,1..8] of double; 







  Xjk,Yjk,Y1jk,Y2jk,R3jk : array[1..65536] of single; 
  Ts,Ts1: array[0..10000,-13..11] of single; 
  Etest: array[0..100] of single; 
  AhaFile: array[1..200] of string; 
  H : array[0..400,0..50{25}] of single; 
  Htype : array[0..1000] of string; 
  NewRect : TRect; 
  Hpd   : array[0..50{24},0..2] of single; 
  Aa,Bb,Cc : Ary2; 
  Aaa : array[0..3] of double; 
  Ab : array[0..24] of double; 
  Ac : array[0..200] of double; 
{  A,B   : Ary4; } 
  CopyBitMap,CopyBitMap2 : TBitmap; 
  DestRect,SrcRect : TRect; 
  Ma : MPtr; 
  Form1: TForm1; 
  
PrLabel,TitleLabel,TitleLabel2,DtString,YmaxString,YminStri
ng,FEStr,FileName,Fname,Fname2, 
    
OrigFile,FilePath,Dstr,Dstr1,Dstr2,Dstr3,Dstr4,Dstr5,Dstr6,
Dstr7,Dstr8,Dstr9,Dstr10, 
    
VertLabel2,VertLabel3,St,St0,St1,St2,St3,St4,St5,HorizLabel
,VertLabel,DataFlagString, 
    
Comment,HazStr,InStr,LineStr,Cst,ModelSt,SizeSt,AhaahDirect
ory,CurrentDirectory, 
    HPDFile,HPDFile2,Astr,Cstr,Nstr,HazFileName : string; 
  list : TStrings; 
  InF,OutF : FILE; { untyped file } 
  
NumRead,NumWritten,AvailPhysMem,SbufSize0,SbufSize01,Jb,Je,
SizeBB,Lmi,CkSize : longint; 
  
HazFile,HazFile2,InFText,InFText2,OutFText,OutFText2,Tf,Tf2
: TEXT; 
  
Fsize1,Fsize2,Xtick,Ytick,Nx,Ny,XlabelHeight,Ylabelwidth,Y1
labelWidth, 
    
Y2labelwidth,Yoffset,Y1offset,Y2offset,Y3offset,Xin,Yin,UpD
own,GraphWidth, 
    
GraphHeight,J,K,Kangle,Jj,Jjj,Jjjj,Kk,Size,Kr,SizeS1,SizeS1
2,SizeS1new,PlotWidth,Nj, 
    
Njmin,N,N1,N2,Nfft,Nn,NnNearest,Np,Nfit,PlotHeight,LoopNumb
er,XbmNo,ProgSize, 







    
ReplyI,ScrollCode,ColNumber,ColNumber2,LineNumber,Nlines,Fo
rmatChoice, 
    
DataColumn,Code,CommentLines,Kthreshold,K2msec,Kstart,Wavef
ormType,Jbp,Jep, 
    
CalNo,ModelNo,Itest,ColumnNumber,ColumnSelect,MenuSelection
,Jd,PauseFlag,TIndex, 
    
OverlayColor,HeaderLines,Row,Col,Rowo,Colo,ProtectorType,Np
k,Ndf,Npt, 
    
TransferChoice,ScriptType,HPDtype,HPDChoice,OldBkMode,h1,w1
,DriveType, 
    
SamplesPerPixel,PixelsPlotted,CycleNumber,CyclePhase,BIndex
Max,Nhpd,Neamod, 
    
Flen,Nband,Nstart,Nstop,J1,SizeS1Temp,SizeS1Temp2,TimeOutMs
ec1,FFED,HpdNo, 
    Nplug,Nmuff,Ndouble,Nfreq : integer; 
  
IsFloat,IsASCII,IsNumASCII,IsCrLf,Done,LineDone,IsTextLike,
IsColumn,MEMwarned,Drawing, 
    
IndexEnabled,EditEnabled,FormPaintEnabled,StringGrid1Entere
d,FileOpen, 
    
ImportOpen,MovieOpen,ColumnsCounted,BadFormat,StartOver,For
mClicked, 
    
HeadEnabled,PlotNew,LogPlotNew,OpenMuff,DialogOpened,Sample
sCell, 
    
SampleRateCell,TitleCell,MicRelEarCell,OldAha,MakeNewGrid,A
dding,DriveWritable, 
    
Ready,MuffNotPlug,PressureTimePlot1,NoProtector,MatlabForma
t,FreqDone, 
    HelpDisplayed,IsDouble  :boolean; 
  ButtonMoving : TMouseButton; 
  LeftX,RightX,LeftXi,RightXi,HeadX,HeadY : integer; 
  LeftColor,RightColor : TColor; 
  Sig,Sig1,Isig : array of single; {dynamic array} 
  Sig2 : array of double; 
{  Sig   : ^Ibuf; 
  Sig1  : ^Sbuf; 
} 
  Bytebuffer : pointer; 
  p : ^buf; 
  pbh : ^shortint; { 8 bit integer } 







  pbi : ^smallint; { 16 bit integer} 
  pbl : ^longint;  { 32 bit integer} 
  pbs : ^single;   { single precision floating point} 
  pbd : ^double; 
  pbb : ^byte;     { 8 bits: 0..255 } 
  Shi : shortint; 
  
Sbyte,Sbyte1,Sbyte2,Sbyte3,Sbyte4,Sbyte5,Sbyte6,Sbyte7,Sbyt
eT : byte; 
  Smi,BitsPerSample,BytesPerSample,ChNo,FmtCode : smallint; 
 
  
Xx,Yy,Xx1,Yy1,Xmin,Xmax,Xstep,Ymin,Ymax,Ymax1,Ystep,Yavg,Sf
,Sx,Sy,Dt,Dt1,Dt2,SampleRate, 
    
X1min,X1max,S1x,S1y,Y1min,Y1max,Y1step,X2min,X2max,Y2min,Y2
max,Y2step,S2x, 
    S2y,X3min,X3max,Y3min,Y3max,S3x,S3y, 
    
StMax,StMin,BmdMax,BmdMin,Hmin,Hmax,PrMax,PrMin,Ex0,Ex1,Ex2
,Alphar, 
    
Alphai,Betar,Betai,Rdf,Ldf,L1,L2,S1,S2,Lh,Cb,Rh,Cm,Lds,Rds,
Cds,Ldm,Cdc,Rdc, 
    Nt,Rmi,Cmi,Li,Ris,Cis,Ls,Lv,Lo,Ral,Rc, 
    
Ro,Cal,Crw,Astapes,Lgap,Lgap1,Eo,Eb,Ramp,Ramp1,So,Mo,Rvo,Bo
,Ao,Fo,Delo,D1, 
    
D2,D3,D4,D5,Dc,Nw,Ca,Bcoef,XbApex,XbmFrom,XbmTo,SweightBase
,SweightApex, 
    
DamageThreshold,MemDelay,MemDelay1,MemTimeConst,Est_MemDela
y,MemMagK,MemMagR, 
    
MemMagKTemp,MemMagRTemp,Temp,AdaptFactor,CochlearGainFactor
, 
    WkbScalaBMWidthDecay,CochlearModelType, 
    
MakeXfrFile,PrintHazTable,SaveBMD,SaveSTD,MultiGraph,Earplu
g,HeadPhone, 
    
HornExtEar,Tm3Piston,TerminateCochlea,Kcush1,Rcush1,Kcush2,
Rcush2,Kcush,Rcush, 
    
Kskin,Rskin,Lleak,Rleak,Lcup,Ccup,C,Rho,RhoC,RhoC2,Nt2,Krw1
, 
    
Kalrw1,Kmi1,Kis1,Kdc,Kds,Kb,Km,Rmi1,Ris1,Rc1,Ro1,Lsv1,Li1,L
o1,OLsv1,OLi1,OLo1, 







    
OLh,Oldf,Ordf,Oldc,Olds,Kcup,Olleak,Olcup,Orskincush,Kskinc
ush,Ral1,MemMagK1, 
    
MemMagR1,Pstatic,Pe,Cm3ToMicrons,Cm3ToXmicrons,DynesCm2ToKp
a,Ln10,Ln10_10, 
    
Ln10_20,Ln2,Rpl,Lpl,OLpl,ORpl,LdsLdm,LdsLe1,Ldet,Mu,Gk,Gk1,
Gk2,Gr,Gr1,Gr2,Kal2, 
    
Ral2,Kal3,Ral3,BetaAlphar,OLgap1,Data1,Data2,Pscale,Magnify
,Xb,Err,ErrMax,Alpha, 
    
Alpha1,Alpha2,Alpha3,DeltX,Factoro,Factor,Ex,MaxHazard,Xbm,
Fplace,Yscf,F1,Fr1, 
    
Fr2,Fr3,Kc,Ka,ReA,ImA,ReC,ImC,Re,Im,CalVal,Cfirst,Clast,Tb,
Te,Tb1,Te1,Eawt,Ecwt, 
    
Eawt2,Eawt3,Ecwt3,Etwt,Etwt3,E2twt,E2twt3,Euwt,Euwt3,Etfoef
,Etfoer,Na,Emax, 
    
Xc,Yc,Xc2,Yc2,Xc3,Yc3,Rhead,Xp,Yp,Xp1,Yp1,Tau,Freq,Fleak,Fl
eak1,Fleak2,DxStep, 
    
Nsd,Lleak1,Rleak1,Lleak2,Rleak2,Rmat2,Kmat2,Rmat,Lmat,Kmat,
Lmat2,Kplus,Nsingle, 
    Delta,Fmax,Fmin,Fcut,Fc,E0 : single; 
  OLe,Ke : array[1..17] of single; 
  D1i,I,Q,Io,Qo,DqDt,DiDt,Dqt,Dit,Ioo,Qoo,L: array[1..26] of 
double; 
  VTemp: array[1..26] of double; 
  Maxh: array[1..XbmNoMax] of single; 
 
  Xr,Xi,X1r,X1i,Energy,Energy1,Drr,Dii,Cxx,Cyy,Dm,Dp : XPtr; 
  Pi2,Pio2,Ecrit,Eb1,Eo1,Eb2,E : extended; 
  
LowpassFreq,BandPassFreq,RC2,Si,Co,Th,Kconst,Kamp,Asum,Csum
,Nsum,Ssum,Ssum1 :double; 
  x,y,r,t,DRe,DIm,DRm,DPh : double; 
  HRT : THRTimer; 
  ElapsedTime : double; 
  Attrib : word; 
  DriveBits: set of 0..25; 
  CoeFile,DriveLetter:string; 
  Xdata,Xfreq : array[0..70] of single; 
  DataFile : array[0..20] of string[12]; 
  DfType   : array[0..20] of string[7]; 
  XPicks   : array[0..20] of string[80]; 
  PlotType : string[6]; 







  E3,E3a : array[-20..60] of single; {1/10th decade 0.01Hz to 
1Mhz} 
implementation 
{$R *.DFM} 
 
uses Printers; 
 
var 
  FE : string[4]; 
(* 
  Dbuf = array[1..32769] of single; 
  Dbuf3 = array[-50..80] of single; 
  Dptr  = ^Dbuf; 
  Dptr3 = ^Dbuf3; 
var 
  PlotWidth,PlotHeight,Cwox,Choy,Ch1y,Xin,Yin,Ny : integer; 
  Xmin,Xmax,Ymin,Ymax,Ystep,Sx,Sy,Xx,Yy  : single; 
  Xr,Xi,X1r,X1i,X2r,X2i,E : Dptr; 
  E3 : Dptr3; 
  Eawt,Ecwt,Fr,ReA,ImA,ReC,ImC,Ka,Kc,Fr1,Fr2,Fr3 : Double; 
 
procedure Scale; 
begin 
  if Xx<Xmin then Xx:=Xmin 
  else if Xx>Xmax then Xx:=Xmax; 
  if Yy<Ymin then Yy:=Ymin 
  else if Yy>Ymax then Yy:=Ymax; 
 
  Xin:=Round(Sx*(Xx-Xmin)+Cwox); 
  Yin:=Round(Sy*(Yy-Ymax)+Ch1y); 
end; 
 
procedure TFreqDomain.ClearSpectrumCanvas; 
begin 
  { Clear the contents of the canvas p. 239 Developer's Guide} 
  with Canvas do begin 
    Brush.Style:=bsSolid; 
    Brush.Color:=clWhite; 
    FillRect(ClipRect); 
  end; 
end; 
 
 
procedure TFreqDomain.CalcSpectrum; 
var 
  Im,Ip,Io,Nband,I,J,K,N,Nn,Nmax,N1,Nstart,Nstop : integer; 
  
Em,Ep,Ee,Am,Ap,Fp,Fm,Fo,Ethird,Edc,Eac,Emax,Emin,ETime,F1_R
hoC,Eo, 
    Ln10_10,OLn10,Po,Tavg,RhoC,Pmean,F1,Fmax,LnFmax: double; 
  D,D1,D2,D3 : string; 







begin 
  Memo3.Font.Name:='Courier';  {Arial Black,Arial Narrow, 
Wide Latin'Arial','Times Roman';} 
  Memo3.Font.Size:=10; 
  Memo3.Font.Color:=clBlack; 
  Memo3.Clear; 
  Nn:=Round(Exp(Ln(2)*Round(Ln(SizeS1)/Ln(2)))); 
  Nmax:=32769; { size of Xr,Xi,E } 
  New(Xr); New(Xi); New(E); New(E3); 
  for I:=1 to Nmax do begin 
    Xr^[I]:=0; 
    Xi^[I]:=0; 
    E^[I]:=0 
  end; 
  if Nn<SizeS1 then N:=Nn else N:=SizeS1; 
  I:=1; 
  J:=0; 
  repeat 
    if J<N then begin Xr^[I]:=Sig[J]; Inc(J) end; 
    if J<N then begin Xi^[I]:=Sig[J]; Inc(J) end; 
    Inc(I) 
  until J=N; 
  N:=Nn div 2; 
  N1:=N+1; 
  F1:=1/(Nn*Dt); 
  Fmax:=N*F1; 
  Pmean:=0; 
  for I:=1 to N do Pmean:=Pmean+Xr^[I]+Xi^[I]; 
  Pmean:=Pmean/Nn; 
  for I:=1 to N do begin Xr^[I]:=Xr^[I]-Pmean; 
Xi^[I]:=Xi^[I]-Pmean end; 
  RhoC:=415; { mks rayls characteristic impedance air @ 22 
deg C and 751 mmHg p 11 Beranek } 
  Po:=20e-6; { pascals reference pressure } 
  Tavg:=300e-3; { time in msec over which equivalent pressure 
is measured } 
  EO:=Po*Po*Tavg/RhoC; { reference energy } 
  Ln10_10:=Ln(10)/10; 
  OLn10:=1/Ln(10); 
  F1_RhoC:=F1/RhoC; 
  Etime:=0; 
  for I:=1 to N do begin 
    Etime:=Etime+Sqr(Xr^[I])+Sqr(Xi^[I]); 
  end; 
  Etime:=Etime*Dt/RhoC; 
  ForwardFft(N,Dt,Xr,Xi); 
  Emax:=-1e6; Emin:=1e6; 
  for I:=1 to N1 do begin 
    E^[I]:=2*(Sqr(Xr^[I])+Sqr(Xi^[I]))*F1_RhoC; 
    if E^[I]>Emax then Emax:=E^[I] 
    else if E^[I]<Emin then Emin:=E^[I]; 
  end; 







  E^[1]:=0.5*E^[1]; E^[N1]:=0.5*E^[N1]; 
  Edc:=E^[1]; E^[1]:=0; 
  Eac:=0; 
  for I:=2 to N do Eac:=Eac+E^[I]; 
  Eac:=Eac+E^[N1]; 
  {ClrScr;} 
  Nstart:=Trunc(1.5+(Ln(F1)/Ln10_10)); { lowest Ncenter 
whose lower edge is greater than F1 } 
  {Nstart:=Nstart-5*0;} 
  Nstop:=Nstart; 
  LnFmax:=Ln(Fmax)/Ln10_10; 
  while (Nstop+0.5)<LnFmax do Inc(Nstop);   Dec(Nstop); 
  Ethird:=0; 
  for Nband:=Nstart to Nstop do begin 
    Fo:=exp(Nband*ln10_10); 
    Fm:=exp((Nband-0.5)*ln10_10); 
Fp:=exp((Nband+0.5)*ln10_10);  {1/10 decade} 
    Im:=Trunc(Fm/F1)+1; 
    Ip:=Trunc(Fp/F1)+1; 
    if (Im*F1>=Fmax) or (Ip*F1>=Fmax) then halt; 
    Am:=E^[Im]+(Fm/F1-Im+1)*(E^[Im+1]-E^[Im]); 
    Ap:=E^[Ip]+(Fp/F1-Ip+1)*(E^[Ip+1]-E^[Ip]); 
    if Ip=Im then 
      Ee:=0.5*(Am+Ap)*(Fp-Fm) 
    else if Ip=Im+1 then begin 
      Em:=0.5*(Am+E^[Im+1])*(Im*F1-Fm); 
      Ep:=0.5*(Ap+E^[Ip])*(Fp-(Ip-1)*F1); 
      Ee:=(Em+Ep) 
    end 
    else begin 
      Em:=0.5*(Am+E^[Im+1])*(Im*F1-Fm); 
      Ep:=0.5*(Ap+E^[Ip])*(Fp-(Ip-1)*F1); 
      Ee:=(Em+Ep); 
      for I:=Im+1 to Ip-1 do 
        Ee:=Ee+0.5*(E^[I]+E^[I+1])*F1 
    end; 
    E3^[Nband]:=Ee/F1; 
    if E3^[Nband]>Emax then Emax:=E3^[Nband]; 
    Ethird:=Ethird+E3^[Nband]; 
  end; 
  N1:=1+(Nstop-Nstart) div 3 ; 
  Memo3.Lines.Add('   Freq  Leq(dB)        Freq  Leq(dB)        
Freq  Leq(dB)'); 
  for Nband:=Nstart to Nstart+N1-1 do begin 
    Str(Exp(Ln10_10*Nband):7:2,D); 
    Str(Ln(E3^[Nband]/E0)/Ln10_10:8:2,D1); 
    Str(Exp(Ln10_10*(Nband+N1)):7:1,D2); 
    Str(Ln(E3^[Nband+N1]/E0)/Ln10_10:8:2,D3); 
    D:=D+D1+'      '+D2+D3+'      '; 
    if Nband+2*N1>Nstop then 
      Memo3.Lines.Add(D) 
    else begin 







      Str(Exp(Ln10_10*(Nband+2*N1)):7:0,D1); 
      Str(Ln(E3^[Nband+2*N1]/E0)/Ln10_10:8:2,D2); 
      D:=D+D1+D2; 
      Memo3.Lines.Add(D) 
    end 
  end; 
  Memo3.Lines.Add('Leq: 1/3 octave band sound pressure levels 
which when integrated over a time'); 
  D:='interval of '; 
  Str(Tavg*1e3:1:1,D1); 
  D:=D+D1+' milliseconds have energies equal to that of the 
signal.'; 
  Memo3.Lines.Add(D); 
  Memo3.Lines.Add(''); 
  ACWeightSetup; 
  Fr:=F1; Eawt:=0; Ecwt:=0; 
  for I:=2 to N do begin 
    AcWeight(Fr,ReA,ImA,ReC,ImC); 
    Eawt:=Eawt+2*(Sqr(ReA*Xr^[I]-
ImA*Xi^[I])+Sqr(ReA*Xi^[I]+ImA*Xr^[I])); 
    Ecwt:=Ecwt+2*(Sqr(ReC*Xr^[I]-
ImC*Xi^[I])+Sqr(ReC*Xi^[I]+ImC*Xr^[I])); 
    Fr:=Fr+F1 
  end; 
  Memo3.Lines.Add(''); 
  Inc(I); 
  AcWeight(Fr,ReA,ImA,ReC,ImC); 
  Eawt:=Eawt+Sqr(ReA*Xr^[I]-
ImA*Xi^[I])+Sqr(ReA*Xi^[I]+ImA*Xr^[I]); 
  Ecwt:=Ecwt+Sqr(ReC*Xr^[I]-
ImC*Xi^[I])+Sqr(ReC*Xi^[I]+ImC*Xr^[I]); 
  Eawt:=Eawt*F1/RhoC; 
  Ecwt:=Ecwt*F1/RhoC; 
  Memo3.Lines.Add('Energy in joules/m^2.'); 
  Str(Etime:9:4,D1); 
  Memo3.Lines.Add('Time domain              = '+D1); 
  Str(Edc+Eac:9:4,D1); 
  Memo3.Lines.Add('Total frequency domain   = '+D1); 
  Str(Edc:9:4,D1); 
  Memo3.Lines.Add('At zero frequency        = '+D1); 
  Str(Eac:9:4,D1); 
  Memo3.Lines.Add('At all other frequencies = '+D1); 
  Str(Ecwt:9:4,D1); 
  Memo3.Lines.Add('C weighted               = '+D1); 
  Str(Eawt:9:4,D1); 
  Memo3.Lines.Add('A weighted               = '+D1); 
  Str(Ethird:9:4,D1); 
  Str(exp(Nstart*ln10_10):2:2,D2); 
  Str(exp(Nstop*ln10_10):2:2,D3); 
  Memo3.Lines.Add('In 1/3 octave bands      = '+D1+'   from 
'+D2+' Hz to '+D3+' Hz'); 
  Str(Ethird:9:4,D1); 







  Xmin:=Ln(F1)*Oln10;  Xmax:=Ln(Fmax)*Oln10; 
  Ystep:=2; Ny:=5; 
  Ymax:=Ny*Ystep*(1+Trunc(Ln(Emax)/(Ln10_10*Ny*Ystep))); 
  Ymin:=Ymax-105; 
{ 
  Color:=clSilver; 
  Font.Color:=clGreen; 
} 
  SpectrumAxes; 
  Canvas.Pen.Color:=clRed; 
  Xx:=Ln(F1)*Oln10;   Yy:=Ln(E^[2])/Ln10_10; Scale; 
Canvas.MoveTo(Xin,Yin); 
  for K:=2 to N do begin 
    Xx:=Ln((K-1)*F1)*OLn10; Yy:=Ln(E^[K])/Ln10_10; Scale; 
Canvas.LineTo(Xin,Yin); 
  end; 
  Canvas.Pen.Color:=clBlue; 
  Xx:=0.1*Nstart;  Yy:=Ln(E3^[Nstart])/Ln10_10; Scale; 
Canvas.MoveTo(Xin,Yin); 
  for Nband:=Nstart to Nstop do begin 
    Xx:=0.1*Nband; Yy:=Ln(E3^[Nband])/Ln10_10; Scale; 
Canvas.LineTo(Xin,Yin); 
  end; 
  SpectrumAxes; 
  Dispose(E3); Dispose(E); Dispose(Xi); Dispose(Xr); 
end; 
 
*) 
 
(* 
procedure Trim(Var r : string; c : char); 
var 
  s: shortstring; 
begin 
  s:=r; 
  while s[length(s)] = c do Dec(s[0]); 
  r:=s; 
end; 
*) 
 
procedure TrimLead(Var r : string; c : char); 
var P : Byte; 
    s: shortstring; 
begin 
  s:=r; 
  P:=1; 
  while (s[p]=c) and (p<=length(s)) do Inc(p); 
  case p of 
    0: s[0]:=#0; 
    1: ; 
    else begin 







      move(s[p],s[1],succ(length(s)-p)); 
      dec(s[0],pred(p)) 
    end 
  end; 
  r:=s; 
end; 
 
procedure TrimFloat(Y:single;var R:String); 
var 
  Ii, Jj : integer; 
  S,T:ShortString; 
begin 
  Str(Y:13,S);      {13 characters -1.2345E+0000} 
  Ii:=1; Jj:=1; 
  if S[1]=' ' then 
    Inc(Ii) 
  else begin 
    T[0]:=char(Jj); 
    T[Jj]:=S[Ii]; 
    Inc(Ii); Inc(Jj); 
  end; 
  repeat 
    T[0]:=char(Jj); 
    T[Jj]:=S[Ii]; 
    Inc(Ii); Inc(Jj) 
  until (S[Ii-1]='E'); 
  if S[Ii]='-' then begin 
    T[0]:=char(Jj); 
    T[Jj]:=S[Ii]; 
  end; 
  if (S[10]='0') and (S[11]='0') and (S[12]='0') then 
T:=T+S[13] 
  else if (S[10]='0') and (S[11]='0') then T:=T+S[12]+S[13] 
  else if S[10]='0'then T:=T+S[11]+S[12]+S[13] 
  else T:=T+S[10]+S[11]+S[12]+S[13]; 
  R:=T; 
end; 
 
 
 
 
procedure GetNumI(PromptStr: string; First, Last:integer; var 
ReplyI: integer); 
var 
  FirstStr,LastStr,ReplyIStr: string; 
  I,Code: integer; 
begin 
  str(First:0,FirstStr); 
  str(Last:0,LastStr); 
  str(ReplyI:0,ReplyIStr); 
  repeat 







    InStr:=InputBox('ENTER INTEGER',PromptStr+' from 
'+FirstStr+' to '+LastStr,ReplyIStr); 
    if Instr[1]='.' then InStr:='0'+InStr; 
    if (Instr[1]='-') and (InStr[2]='.') then InStr:='-
0'+InStr; 
    val(InStr,I,Code); 
  until (Code = 0) and (First<=I) and (I<=Last); 
  ReplyI:=I; 
end; 
 
procedure GetNumR(PromptStr: string; First, Last:single; var 
ReplyR: single); 
var 
  FirstStr,LastStr,ReplyRStr: string; 
  S : single; 
  Code: integer; 
begin 
  str(First:3:3,FirstStr); 
  str(Last:3:3,LastStr); 
  repeat 
    str(ReplyR:3:3,ReplyRStr); 
    InStr:=InputBox('ENTER FLOAT POINT NUMBER',PromptStr+' 
from '+FirstStr+' to '+LastStr,ReplyRStr); 
    if Instr[1]='.' then InStr:='0'+InStr 
    else if ((Instr[1]='e') or (Instr[1]='E')) then 
InStr:='1.0'+InStr 
    else if (Instr[1]='-') then 
      if (InStr[2]='.') then InStr:='-0'+InStr 
      else if (Instr[2]='e')or(InStr[2]='E')then InStr:='-
1.0'+Copy(InStr,2,Length(InStr)); 
    val(InStr,S,Code); 
  until (Code = 0) and (First<=S) and (S<=Last); 
  ReplyR:=S; 
end; 
 
procedure GetNumR2(PromptStr: string; First, Last:single; 
Exponent:integer; var ReplyR: single); 
var 
  FirstStr,LastStr,Estr,ReplyRStr: string; 
  S,Power : single; 
  Code: integer; 
begin 
  str(First:3:3,FirstStr); 
  str(Last:3:3,LastStr); 
  str(Exponent:0,EStr); 
  repeat 
    Power:=Exp(Exponent*Ln(10)); 
    ReplyR:=ReplyR/Power; 
    str(ReplyR:4:4,ReplyRStr); 
    InStr:=InputBox('SINGLE PRECISION',PromptStr+' from 
'+FirstStr+' to '+LastStr+' X 10^'+Estr,ReplyRStr); 







    if Instr[1]='.' then InStr:='0'+InStr 
    else if ((Instr[1]='e') or (Instr[1]='E')) then 
InStr:='1.0'+InStr 
    else if (Instr[1]='-') then 
      if (InStr[2]='.') then InStr:='-0'+InStr 
      else if (Instr[2]='e')or(InStr[2]='E')then InStr:='-
1.0'+Copy(InStr,2,Length(InStr)); 
    val(InStr,S,Code); 
  until (Code = 0) and (First<=S) and (S<=Last); 
  ReplyR:=S*Power; 
end; 
 
function StepSize(X:single):single; 
{return closest 1,2,5 value with power} 
var 
  Y,Y1,Y2,Y3 : single; 
  P : Integer; 
begin 
  Y:=Log10(X); 
  P:=0; 
  if Y>0 then 
    begin repeat P:=P+1; Y:=Y-1; until Y<0; P:=P-1; Y:=Y+1 
end 
  else 
    begin repeat P:=P-1; Y:=Y+1; until Y>0 end; 
  Y1:=abs(Y-0); Y2:=abs(Y-0.301); Y3:=abs(Y-1); 
  if      (Y1<Y2) and (Y1<Y3) then Y:=0 
  else if (Y2<Y1) and (Y2<Y3) then Y:=0.30103 
  else Y:=1; 
  StepSize:=Exp(Ln(10)*(Y+P)); 
end; 
 
procedure TForm1.ClearCanvas; 
begin                     
  with Canvas do begin 
    Brush.Style:=bsSolid; 
    Brush.Color:=clWhite; 
    FillRect(ClipRect); 
  end; 
end; 
 
procedure TForm1.ClearUpperCanvas; 
var 
  NewRect : TRect; 
begin 
  with Canvas do begin 
    Brush.Style:=bsSolid; 
    Brush.Color:=clWhite; 
    
NewRect:=Rect(0,Yoffset,GraphWidth,Yoffset+GraphHeight); 
    FillRect(NewRect); 







  end; 
end; 
 
procedure scale; 
begin 
  if Xx<Xmin then Xx:=Xmin 
  else if Xx>Xmax then Xx:=Xmax; 
  if Yy<Ymin then Yy:=Ymin 
  else if Yy>Ymax then Yy:=Ymax; 
  Xin:=Round(Sx*(Xx-Xmin)+YlabelWidth); 
  Yin:=Round(Sy*(Yy-Ymax)+Yoffset); 
end; 
 
procedure scale1; 
begin 
  if Xx<X1min then Xx:=X1min 
  else if Xx>X1max then Xx:=X1max; 
  if Yy<Y1min then Yy:=Y1min 
  else if Yy>Y1max then Yy:=Y1max; 
  Xin:=Round(S1x*(Xx-X1min)+Y1labelWidth); 
  Yin:=Round(S1y*(Yy-Y1max)+Y1offset); 
end; 
 
 
 
procedure scale2; 
begin 
  if Xx<X2min then Xx:=X2min 
  else if Xx>X2max then Xx:=X2max; 
  if Yy<Y2min then Yy:=Y2min 
  else if Yy>Y2max then Yy:=Y2max; 
  Xin:=Round(S2x*(Xx-X2min)+YlabelWidth); 
  Yin:=Round(S2y*(Yy-Y2max)+Y2offset); 
end; 
 
procedure scale3; 
begin 
  if Xx<X3min then Xx:=X3min 
  else if Xx>X3max then Xx:=X3max; 
  if Yy<Y3min then Yy:=Y3min 
  else if Yy>Y3max then Yy:=Y3max; 
  Xin:=Round(S3x*(Xx-X3min)+YlabelWidth); 
  Yin:=Round(S3y*(Yy-Y3max)+Y3offset); 
end; 
 
 
procedure TForm1.PlotLinearAxes; 
var 
  I,K,L,M,Nx1,Nx2,Ny1,Ny2,w,h,u,X1i,Y1i : integer; 
  lf : TLogFont; 
  tf : TFont; 







begin 
with Canvas do begin 
  Pen.Mode:=pmCopy; 
  Pen.Color:=clBlack; 
  Nx1 := Trunc(Xmin/Xstep); Nx2 := Trunc(Xmax/Xstep)+1; 
  Ny1 := Trunc(Ymin/Ystep); Ny2 := Trunc(Ymax/Ystep)+1; 
  u:=7; 
  St:=HorizLabel; 
  w:=TextWidth(St) div 2; h:=TextHeight(St) div 2; 
  Xin:=YlabelWidth+PlotWidth div 2;  
Yin:=Yoffset+GraphHeight-1; 
  TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), St); 
 
  St:=TitleLabel; 
  w:=TextWidth(St) div 2; h:=TextHeight(St) div 2; 
  Xin:=YlabelWidth+PlotWidth div 2;  
Yin:=Round(Yoffset+0.125*GraphHeight)-1; 
  TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), St); 
 
{ 
  Font.Color:=clBlue; 
  St:='Free-field'; 
  w:=TextWidth(St) div 2; h:=TextHeight(St) div 2; 
  Xin:=YlabelWidth+Round(PlotWidth*0.75);  
Yin:=Round(Yoffset+0.125*GraphHeight)-1; 
  TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), St); 
 
  Font.Color:=clRed; 
  St:='Under Muff'; 
  w:=TextWidth(St) div 2; h:=TextHeight(St) div 2; 
  Xin:=YlabelWidth+Round(PlotWidth*0.75);  
Yin:=Round(Yoffset+0.175*GraphHeight)-1; 
  TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), St); 
 
  Font.Color:=clLime; 
  St:='Round 3 HE'; 
  w:=TextWidth(St) div 2; h:=TextHeight(St) div 2; 
  Xin:=YlabelWidth+Round(PlotWidth*0.75);  
Yin:=Round(Yoffset+0.225*GraphHeight)-1; 
  TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), St); 
} 
 
  Font.Color:=clBlack; 
 
  Xx:=abs(Xmax); if abs(Xmin)>Xx then Xx:=abs(Xmin); 
  Xx:=Log10(Xx); 
  K:=Round(Xx-1.495); 
  if K<=0 then L:=abs(K) else L:=0; 
  K:=abs(K); 
 
  for M:=1 to 3 do begin 







    St1:=''; 
    Xx:=Nx1*Xstep; 
    BadFormat:=False; 
    for I := Nx1 to Nx2 do begin 
      if (Xmin<=Xx) and (Xx<=Xmax) and (I mod Nx =0) then 
begin 
        Str(Xx:K:L,St); 
        if St=St1 then BadFormat:=True; 
        St1:=St; 
      end; 
      Xx:=Xx+Xstep; 
    end;  { for I } 
    if BadFormat then begin Inc(L) end; 
  end; 
 
 
        {Draw bottom axes} 
  Xx:=Xmin; Yy:=Ymin; scale; MoveTo(Xin,Yin); 
  Y1i:=Yin; 
  Xx:=Nx1*Xstep; 
  for I := Nx1 to Nx2 do begin 
    if (Xmin<=Xx) and (Xx<=Xmax) then begin 
      scale; LineTo(Xin,Y1i); 
      if I mod Nx = 0 then begin 
        LineTo(Xin,Y1i-2*Ytick); 
        Yin:=Y1i+Round(0.5*Ytick); 
        if abs(Xx-Xmin)<0.01*(Xmax-Xmin) then u:=0 
        else if abs(Xx-Xmax)<0.01*(Xmax-Xmin) then u:=2 
        else u:=1; 
        Str(Xx:K:L,st); 
        w:=Textwidth(st) div 2; h:=Textheight(st) div 2; 
        TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), st); 
      end 
      else 
        LineTo(Xin,Y1i-Ytick); 
      MoveTo(Xin,Y1i); 
    end; 
    Xx:=Xx+Xstep; 
  end;  { for I } 
  Xx:=Xmax; Yy:=Ymin; scale; LineTo(Xin,Yin); 
     {Draw right axes} 
  Yy:=Ny1*Ystep; 
  X1i:=Xin; 
  for I := Ny1 to Ny2 do 
    if (Ymin<=Yy) and (Yy<=Ymax) then begin 
      scale; LineTo(X1i,Yin); 
      if I mod Ny = 0 then 
        LineTo(X1i-2*Xtick,Yin) 
      else 
        LineTo(X1i-Xtick,Yin); 
      LineTo(X1i,Yin); 







      Yy:=Yy+Ystep; 
    end;  { for I } 
  Yy:=Ymax; scale; LineTo(X1i,Yin); 
 
      {Draw top axes} 
  Xx:=Xmax; Yy:=Ymax; scale; MoveTo(Xin,Yin); 
  Y1i:=Yin; 
  Xx:=Nx2*Xstep; 
  for I := Nx2 downto Nx1 do begin 
    if (Xmin<=Xx) and (Xx<=Xmax) then begin 
      scale; LineTo(Xin,Y1i); 
      if I mod Nx = 0 then 
        LineTo(Xin,Y1i+2*Ytick) 
      else 
        LineTo(Xin,Y1i+Ytick); 
      MoveTo(Xin,Y1i); 
    end; 
    Xx:=Xx-Xstep; 
  end;  { for I } 
  Xx:=Xmin; scale; LineTo(Xin,Y1i); 
 
  Yy:=abs(Ymax); if abs(Ymin)>Yy then Yy:=abs(Ymin); 
  Yy:=Log10(Yy); 
  K:=Round(Yy-1.495); 
  if K<=0 then L:=abs(K) else L:=0; 
  K:=abs(K); 
      {Draw left axes} 
  Yy:=Ny2*Ystep; 
  X1i:=Xin; 
  for I := Ny2 downto Ny1 do begin 
    if (Ymin<=Yy) and (Yy<=Ymax) then begin 
      scale; LineTo(X1i,Yin); 
      if I mod Ny = 0 then begin 
        LineTo(X1i+2*Xtick,Yin); 
        Xin:=X1i-Round(0.5*Xtick); 
        if abs(Yy-Ymin)<0.01*(Ymax-Ymin) then u:=8 
        else if abs(Yy-Ymax)<0.01*(Ymax-Ymin) then u:=2 
        else u:=5; 
        Str(Yy:K:L,st); 
        w:=Textwidth(st) div 2; h:=Textheight(st) div 2; 
        TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), st); 
      end 
      else 
        LineTo(X1i+Xtick,Yin); 
      MoveTo(X1i,Yin); 
    end; 
    Yy:=Yy-Ystep; 
  end;  { for I } 
  Yy:=Ymin; scale; LineTo(X1i,Yin); 
  tf:=TFont.Create; 
  tf.Assign(Font); 







  GetObject(tf.Handle, sizeof(lf), @lf); 
  lf.lfEscapement:=900; 
  lf.lfOrientation:=900; 
  tf.Handle:=CreateFontIndirect(lf); 
  Font.Assign(tf); 
  tf.Free; 
 
  u:=1; 
  St:=VertLabel; w:=TextWidth(St) div 2; 
h:=TextHeight(St)div 2; 
  Xin:=0;  Yin:=Yoffset + GraphHeight div 2; 
  TextOut(Xin-h*(u div 3), Yin+w*(u mod 3), St); 
  St:=VertLabel2; w:=TextWidth(St) div 2; 
h:=TextHeight(St)div 2; 
  Xin:=Round(0.30*YlabelWidth);  Yin:=Yoffset + GraphHeight 
div 2; 
  TextOut(Xin-h*(u div 3), Yin+w*(u mod 3), St); 
end; 
end; { PlotLinearAxes } 
 
procedure TForm1.PlotLinearAxes2; 
var 
  I,K,L,Nx1,Nx2,Ny1,Ny2,Nh1,Nh2,w,h,u,X1i,Y1i,Nh : integer; 
  Hstep : single; 
  lf : TLogFont; 
  tf : TFont; 
begin 
with Canvas do begin 
  Pen.Color:=clBlack; 
  Hstep:=StepSize((Hmax-Hmin)/25); Nh:=5; 
  Nx1 := Trunc(Xmin/Xstep); Nx2 := Trunc(Xmax/Xstep)+1; 
 
  Ny1 := Trunc(Ymin/Ystep); Ny2 := Trunc(Ymax/Ystep)+1; 
  Nh1 := Trunc(Hmin/Hstep); Nh2 := Trunc(Hmax/Hstep)+1; 
  u:=7; 
  St:=HorizLabel; 
  w:=TextWidth(St) div 2; h:=TextHeight(St) div 2; 
  Xin:=YlabelWidth+PlotWidth div 2;  
Yin:=Yoffset+GraphHeight-1; 
  TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), St); 
 
  St:=TitleLabel; 
  w:=TextWidth(St) div 2; h:=TextHeight(St) div 2; 
  Xin:=YlabelWidth+PlotWidth div 2;  
Yin:=Round(Yoffset+0.125*GraphHeight)-1; 
  TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), St); 
 
  Xx:=abs(Xmax); if abs(Xmin)>Xx then Xx:=abs(Xmin); 
  Xx:=Log10(Xx); 
  K:=Round(Xx-1.495); 
  if K<=0 then L:=abs(K) else L:=0; 







  K:=abs(K); 
 
        {Draw bottom axes} 
  Xx:=Xmin; Yy:=Ymin; scale; MoveTo(Xin,Yin); 
  Y1i:=Yin; 
  Xx:=Nx1*Xstep; 
  for I := Nx1 to Nx2 do begin 
    if (Xmin<=Xx) and (Xx<=Xmax) then begin 
      scale; LineTo(Xin,Y1i); 
      if I mod Nx = 0 then begin 
        LineTo(Xin,Y1i-2*Ytick); 
        Yin:=Y1i+Round(0.5*Ytick); 
        if abs(Xx-Xmin)<0.01*(Xmax-Xmin) then u:=0 
        else if abs(Xx-Xmax)<0.01*(Xmax-Xmin) then u:=2 
        else u:=1; 
        Str(Xx:K:L,st); 
        w:=Textwidth(st) div 2; h:=Textheight(st) div 2; 
        TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), st); 
      end 
      else 
        LineTo(Xin,Y1i-Ytick); 
      MoveTo(Xin,Y1i); 
    end; 
    Xx:=Xx+Xstep; 
  end;  { for I } 
  Xx:=Xmax; Yy:=Ymin; scale; LineTo(Xin,Yin); 
 
     {Draw right axes} 
  Yy:=abs(Y2max); if abs(Y2min)>Yy then Yy:=abs(Y2min); 
  Yy:=Log10(Yy); 
  K:=Round(Yy-1.495); 
  if K<=0 then L:=abs(K) else L:=0; 
  K:=abs(K); 
  Xx:=X2max; Yy:=Y2min; scale2; MoveTo(Xin,Yin); 
  Yy:=Nh1*Hstep; 
  X1i:=Xin; 
  for I := Nh1 to Nh2 do 
    if (Y2min<=Yy) and (Yy<=Y2max) then begin 
      scale2; LineTo(X1i,Yin); 
      if I mod Nh = 0 then begin 
        LineTo(X1i-2*Xtick,Yin); 
        Xin:=X1i+Round(0.5*Xtick); 
        if abs(Yy-Y2min)<0.01*(Y2max-Y2min) then u:=6 
        else if abs(Yy-Y2max)<0.01*(Y2max-Y2min) then u:=0 
        else u:=3; 
        Str(Yy:K:L,st); 
        w:=Textwidth(st) div 2; h:=Textheight(st) div 2; 
        TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), st); 
      end 
      else 
        LineTo(X1i-Xtick,Yin); 







      MoveTo(X1i,Yin); 
      Yy:=Yy+Hstep; 
    end;  { for I } 
  Yy:=Y2max; scale2; LineTo(X1i,Yin); 
 
      {Draw top axes} 
  Xx:=Xmax; Yy:=Ymax; scale; MoveTo(Xin,Yin); 
  Y1i:=Yin; 
  Xx:=Nx2*Xstep; 
  for I := Nx2 downto Nx1 do begin 
    if (Xmin<=Xx) and (Xx<=Xmax) then begin 
      scale; LineTo(Xin,Y1i); 
      if I mod Nx = 0 then 
        LineTo(Xin,Y1i+2*Ytick) 
      else 
        LineTo(Xin,Y1i+Ytick); 
      MoveTo(Xin,Y1i); 
    end; 
    Xx:=Xx-Xstep; 
  end;  { for I } 
  Xx:=Xmin; scale; LineTo(Xin,Y1i); 
 
  Yy:=abs(Ymax); if abs(Ymin)>Yy then Yy:=abs(Ymin); 
  Yy:=Log10(Yy); 
  K:=Round(Yy-1.495); 
  if K<=0 then L:=abs(K) else L:=0; 
  K:=abs(K); 
      {Draw left axes} 
  Yy:=Ny2*Ystep; 
  X1i:=Xin; 
  for I := Ny2 downto Ny1 do begin 
    if (Ymin<=Yy) and (Yy<=Ymax) then begin 
      scale; LineTo(X1i,Yin); 
      if I mod Ny = 0 then begin 
        LineTo(X1i+2*Xtick,Yin); 
        Xin:=X1i-Round(0.5*Xtick); 
        if abs(Yy-Ymin)<0.01*(Ymax-Ymin) then u:=8 
        else if abs(Yy-Ymax)<0.01*(Ymax-Ymin) then u:=2 
        else u:=5; 
        Str(Yy:K:L,st); 
        w:=Textwidth(st) div 2; h:=Textheight(st) div 2; 
        TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), st); 
      end 
      else 
        LineTo(X1i+Xtick,Yin); 
      MoveTo(X1i,Yin); 
    end; 
    Yy:=Yy-Ystep; 
  end;  { for I } 
  Yy:=Ymin; scale; LineTo(X1i,Yin); 
  tf:=TFont.Create; 







  tf.Assign(Font); 
  GetObject(tf.Handle, sizeof(lf), @lf); 
  lf.lfEscapement:=900; 
  lf.lfOrientation:=900; 
  tf.Handle:=CreateFontIndirect(lf); 
  Font.Assign(tf); 
  tf.Free; 
 
  u:=1; 
  St:=VertLabel; w:=TextWidth(St) div 2; 
h:=TextHeight(St)div 2; 
  Xin:=0;  Yin:=Yoffset + GraphHeight div 2; 
  TextOut(Xin-h*(u div 3), Yin+w*(u mod 3), St); 
  St:=VertLabel2; w:=TextWidth(St) div 2; 
h:=TextHeight(St)div 2; 
  Xin:=Round(0.30*YlabelWidth);  Yin:=Yoffset + GraphHeight 
div 2; 
  TextOut(Xin-h*(u div 3), Yin+w*(u mod 3), St); 
 
  u:=7; 
  St:=VertLabel3; w:=TextWidth(St) div 2; 
h:=TextHeight(St)div 2; 
  Xin:=GraphWidth;  Yin:=Yoffset + GraphHeight div 2; 
  TextOut(Xin-h*(u div 3), Yin+w*(u mod 3), St); 
end; 
end; { PlotLinearAxes2 } 
 
 
procedure TForm1.PlotLinearAxes3; 
var 
  I,K,L,Nx1,Nx2,Ny1,Ny2,Nh1,Nh2,w,h,u,X1i,Y1i,Nh : integer; 
  Hstep : single; 
  lf : TLogFont; 
  tf : TFont; 
begin 
with Canvas do begin 
  Pen.Color:=clBlack; 
  Hstep:=StepSize((Y3max-Y3min)/25); Nh:=5; 
  Nx1 := Trunc(X1min/Xstep); Nx2 := Trunc(X1max/Xstep)+1; 
  Ny1 := Trunc(Y1min/Ystep); Ny2 := Trunc(Y1max/Ystep)+1; 
  Nh1 := Trunc(Y3min/Hstep); Nh2 := Trunc(Y3max/Hstep)+1; 
  u:=7; 
  St:=HorizLabel; 
  w:=TextWidth(St) div 2; h:=TextHeight(St) div 2; 
  Xin:=YlabelWidth+PlotWidth div 2;  
Yin:=Yoffset+GraphHeight-1; 
  TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), St); 
 
  St:=TitleLabel; 
  w:=TextWidth(St) div 2; h:=TextHeight(St) div 2; 







  Xin:=YlabelWidth+PlotWidth div 2;  
Yin:=Round(Yoffset+0.125*GraphHeight)-1; 
  TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), St); 
 
  Xx:=abs(X1max); if abs(X1min)>Xx then Xx:=abs(X1min); 
  Xx:=Log10(Xx); 
  K:=Round(Xx-1.495); 
  if K<=0 then L:=abs(K) else L:=0; 
  K:=abs(K); 
 
        {Draw bottom axes} 
  Xx:=X1min; Yy:=Y1min; scale1; MoveTo(Xin,Yin); 
  Y1i:=Yin; 
  Xx:=Nx1*Xstep; 
  for I := Nx1 to Nx2 do begin 
    if (X1min<=Xx) and (Xx<=X1max) then begin 
      scale1; LineTo(Xin,Y1i); 
      if I mod Nx = 0 then begin 
        LineTo(Xin,Y1i-2*Ytick); 
        Yin:=Y1i+Round(0.5*Ytick); 
        if abs(Xx-X1min)<0.01*(X1max-X1min) then u:=0 
        else if abs(Xx-Xmax)<0.01*(Xmax-Xmin) then u:=2 
        else u:=1; 
        Str(Xx:K:L,st); 
        w:=Textwidth(st) div 2; h:=Textheight(st) div 2; 
        TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), st); 
      end 
      else 
        LineTo(Xin,Y1i-Ytick); 
      MoveTo(Xin,Y1i); 
    end; 
    Xx:=Xx+Xstep; 
  end;  { for I } 
  Xx:=X1max; Yy:=Y1min; scale1; LineTo(Xin,Yin); 
 
     {Draw right axes} 
  Yy:=abs(Y3max); if abs(Y3min)>Yy then Yy:=abs(Y3min); 
  Yy:=Log10(Yy); 
  K:=Round(Yy-1.495); 
  if K<=0 then L:=abs(K) else L:=0; 
  K:=abs(K); 
  Xx:=X3max; Yy:=Y3min; scale3; MoveTo(Xin,Yin); 
  Yy:=Nh1*Hstep; 
  X1i:=Xin; 
  for I := Nh1 to Nh2 do 
    if (Y3min<=Yy) and (Yy<=Y3max) then begin 
      scale3; LineTo(X1i,Yin); 
      if I mod Nh = 0 then begin 
        LineTo(X1i-2*Xtick,Yin); 
        Xin:=X1i+Round(0.5*Xtick); 
        if abs(Yy-Y3min)<0.01*(Y3max-Y3min) then u:=6 







        else if abs(Yy-Y3max)<0.01*(Y3max-Y3min) then u:=0 
        else u:=3; 
        Str(Yy:K:L,st); 
        w:=Textwidth(st) div 2; h:=Textheight(st) div 2; 
        TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), st); 
      end 
      else 
        LineTo(X1i-Xtick,Yin); 
      MoveTo(X1i,Yin); 
      Yy:=Yy+Hstep; 
    end;  { for I } 
  Yy:=Y3max; scale3; LineTo(X1i,Yin); 
 
      {Draw top axes} 
  Xx:=X1max; Yy:=Y1max; scale1; MoveTo(Xin,Yin); 
  Y1i:=Yin; 
  Xx:=Nx2*Xstep; 
  for I := Nx2 downto Nx1 do begin 
    if (X1min<=Xx) and (Xx<=X1max) then begin 
      scale1; LineTo(Xin,Y1i); 
      if I mod Nx = 0 then 
        LineTo(Xin,Y1i+2*Ytick) 
      else 
        LineTo(Xin,Y1i+Ytick); 
      MoveTo(Xin,Y1i); 
    end; 
    Xx:=Xx-Xstep; 
  end;  { for I } 
  Xx:=X1min; scale1; LineTo(Xin,Y1i); 
 
  Yy:=abs(Y1max); if abs(Y1min)>Yy then Yy:=abs(Y1min); 
  Yy:=Log10(Yy); 
  K:=Round(Yy-1.495); 
  if K<=0 then L:=abs(K) else L:=0; 
  K:=abs(K); 
      {Draw left axes} 
  Yy:=Ny2*Ystep; 
  X1i:=Xin; 
  for I := Ny2 downto Ny1 do begin 
    if (Y1min<=Yy) and (Yy<=Y1max) then begin 
      scale1; LineTo(X1i,Yin); 
      if I mod Ny = 0 then begin 
        LineTo(X1i+2*Xtick,Yin); 
        Xin:=X1i-Round(0.5*Xtick); 
        if abs(Yy-Y1min)<0.01*(Y1max-Y1min) then u:=8 
        else if abs(Yy-Y1max)<0.01*(Y1max-Y1min) then u:=2 
        else u:=5; 
        Str(Yy:K:L,st); 
        w:=Textwidth(st) div 2; h:=Textheight(st) div 2; 
        TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), st); 
      end 







      else 
        LineTo(X1i+Xtick,Yin); 
      MoveTo(X1i,Yin); 
    end; 
    Yy:=Yy-Ystep; 
  end;  { for I } 
  Yy:=Ymin; scale; LineTo(X1i,Yin); 
  tf:=TFont.Create; 
  tf.Assign(Font); 
  GetObject(tf.Handle, sizeof(lf), @lf); 
  lf.lfEscapement:=900; 
  lf.lfOrientation:=900; 
  tf.Handle:=CreateFontIndirect(lf); 
  Font.Assign(tf); 
  tf.Free; 
 
  u:=1; 
  St:=VertLabel; w:=TextWidth(St) div 2; 
h:=TextHeight(St)div 2; 
  Xin:=0;  Yin:=Yoffset + GraphHeight div 2; 
  TextOut(Xin-h*(u div 3), Yin+w*(u mod 3), St); 
  St:=VertLabel2; w:=TextWidth(St) div 2; 
h:=TextHeight(St)div 2; 
  Xin:=Round(0.30*YlabelWidth);  Yin:=Yoffset + GraphHeight 
div 2; 
  TextOut(Xin-h*(u div 3), Yin+w*(u mod 3), St); 
 
  u:=7; 
  St:=VertLabel3; w:=TextWidth(St) div 2; 
h:=TextHeight(St)div 2; 
  Xin:=GraphWidth;  Yin:=Yoffset + GraphHeight div 2; 
  TextOut(Xin-h*(u div 3), Yin+w*(u mod 3), St); 
end; 
end; { PlotLinearAxes3 } 
 
 
 
 
procedure TForm1.PlotLogAxes; 
var 
  NewRect : TRect; 
  Nmin,Nmax,I,J,K,L,Nx1,Nx2,Ny1,Ny2,w,h,u,X1i,Y1i : integer; 
  lf : TLogFont; 
  tf : TFont; 
  st0 : string; 
begin 
StringGrid1.Visible:=False; 
with Canvas do begin 
  Brush.Style:=bsSolid; 
  Brush.Color:=clWhite; 
{  Yoffset:=0;} 







//  LogPlotNew:=True; 
  if LogPlotNew then begin 
    
NewRect:=Rect(0,Yoffset,GraphWidth,Yoffset+GraphHeight); 
    FillRect(NewRect); 
    LogPlotNew:=False; 
  end; 
  XlabelHeight:=Trunc(0.09*GraphHeight);{0.13} 
  XlabelHeight:=Trunc(0.13*GraphHeight);{0.13} 
  YlabelWidth:=Trunc(0.0625*GraphWidth); {0.05} 
  PlotWidth:=GraphWidth-1-YlabelWidth; 
  PlotHeight:=GraphHeight-XlabelHeight; 
  Xtick:=Round(0.1*1.5*0.33*0.13*PlotWidth); 
  Ytick:=Round(0.1*1.5*0.13*PlotHeight); 
  Sx:=PlotWidth/(Xmax-Xmin); 
  Sy:=PlotHeight/(Ymin-Ymax); 
  Canvas.Font.Color:=clBlack; 
  Canvas.Font.Name:='Arial';  {Arial Black,Arial Narrow, Wide 
Latin'Arial','Times Roman';} 
  Canvas.Font.Size:=8; 
  Fsize1:=Round(8*Form1.ClientHeight/{768}600); 
  Fsize2:=Round(8*Form1.ClientWidth/{1024}800); 
  if Fsize1<Fsize2 then Font.Size:=Fsize1 else 
Font.Size:=Fsize2; 
  Font.Style:=[fsBold]; 
  Canvas.Pen.Color:=clBlack; 
  Xx:=Xmin; Yy:=Ymin; Scale; Canvas.MoveTo(Xin,Yin); 
  Xx:=Xmax; Yy:=Ymin; Scale; Canvas.LineTo(Xin,Yin); 
  Nmin:=Trunc(Xmin); 
  Nmax:=Trunc(Xmax); 
  Ny1:=Round(Ymin/(Ny*Ystep)-1)*Ny; 
  Ny2:=Round(Ymax/(Ny*Ystep)+1)*Ny; 
  Xx:=Xmin; Yy:=Ymin; Scale; Canvas.MoveTo(Xin,Yin); 
  Y1i:=Yin; 
  for I:=Nmin-1 to Nmax do begin 
    for J:=1 to 9 do begin 
      X:=Log10(J)+I; 
      if (Xmin<=X) and (X<=Xmax) then begin 
        Xx:=X; Scale; Canvas.LineTo(Xin,Yin); 
        if J=1 then Yin:=Y1i-2*Ytick else Yin:=Y1i-Ytick; 
Canvas.LineTo(Xin,Yin); 
        if (J=1) or (J=2) or (J=5) then begin 
          Yin:=Y1i+Round(0.3*Ytick); 
          Canvas.MoveTo(Xin,Yin); 
          K:=Round(X-3-0.495); {3 for 1000 0.495 goes with 
round empirically determined} 
          if K<=0 then L:=abs(K) else L:=0; 
          K:=abs(K);                      {u = justification 
} 
          Str(Exp(X*Ln10)/1000:K:L,St0);   { 0  1  2 } 
          w:=Canvas.TextWidth(St0) div 2;  { 3  4  5 } 
          h:=Canvas.TextHeight(St0)div 2;  { 6  7  8 } 







          if abs(X/Xmin-1)<0.01 then u:=0 
          else if abs(X/Xmax-1)<0.01 then u:=2 
          else u:=1; 
          Canvas.TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), 
St0); 
        end; 
        Yin:=Y1i; 
        Canvas.MoveTo(Xin,Yin) 
      end 
    end 
  end; 
  Xx:=Xmax; Scale; Canvas.LineTo(Xin,Yin); 
 
  u:=7; 
  St0:='FREQUENCY IN kHZ'; 
  w:=Canvas.TextWidth(St0) div 2; 
h:=Canvas.TextHeight(St0)div 2; 
  Xin:=YlabelWidth+PlotWidth div 2;  
Yin:=Yoffset+GraphHeight-1; 
  Canvas.TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), St0); 
 
  U:=1; 
  St0:=TitleLabel; 
  w:=Canvas.TextWidth(St0) div 2; 
h:=Canvas.TextHeight(St0)div 2; 
  Xin:=YlabelWidth+PlotWidth div 2;  
Yin:=Yoffset+Round(0.03*GraphHeight)-1; 
  Canvas.TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), St0); 
 
  Xx:=Xmax; Yy:=Ymin; Scale; Canvas.MoveTo(Xin,Yin); 
  for I:=Ny1 to Ny2 do begin 
    Yy:=I*Ystep; 
    if (Ymin<=Yy) and (Yy<=Ymax) then begin 
      Scale; Canvas.LineTo(Xin,Yin); 
      if I mod Ny = 0 then 
        Canvas.LineTo(Xin-2*Xtick,Yin) 
      else 
        Canvas.LineTo(Xin-Xtick,Yin); 
      Canvas.LineTo(Xin,Yin); 
    end; 
  end; 
  Xx:=Xmax; Yy:=Ymax; Scale; Canvas.LineTo(Xin,Yin); 
 
{  Y1i:=Yin;} 
  for I:=Nmax downto Nmin do begin 
    for J:=10 downto 2 do begin 
      Xx:=Log10(J)+I; 
      if (Xmin<=Xx) and (Xx<=Xmax) then begin 
        Scale; Canvas.LineTo(Xin,Yin); 
        if J=10 then 
          Canvas.LineTo(Xin,Yin+2*Ytick) 







        else 
          Canvas.LineTo(Xin,Yin+Ytick); 
        Canvas.MoveTo(Xin,Yin); 
      end; 
    end; 
  end; 
  Xx:=Xmin; Scale; Canvas.LineTo(Xin,Yin); 
 
  Yy:=abs(Ymax); if abs(Ymin)>Yy then Yy:=abs(Ymin); 
  X:=Log10(Yy); 
  K:=Round(X-0.495); 
  if K<=0 then L:=abs(K) else L:=0; 
  K:=abs(K); 
 
  X1i:=Xin; 
  for I:=Ny2 downto Ny1 do begin 
    Yy:=Ystep*I; 
    if (Ymin<=Yy) and (Yy<=Ymax) then begin 
      Scale;  Canvas.LineTo(Xin,Yin); 
      if I mod Ny = 0 then begin 
        Canvas.LineTo(Xin+2*Xtick,Yin); 
        Xin:=X1i-Round(0.4*Xtick); 
        if abs(Yy-Ymax)<(0.01*Ymax) then u:=2 
        else if abs(Yy-Ymin)<abs(0.01*Ymin) then u:=8 
        else u:=5; 
        K:=Round(ln(abs(Yy+1e-6))-1.8{-1-0.495-0.3}); 
        if K<-7 then begin K:=0; L:=0 end 
        else if K<-2 then begin K:=2; L:=2 end 
        else if K<=0 then L:=abs(K) 
        else L:=0; 
        K:=abs(K); 
        Str(Yy:K:L,St0); 
        w:=Canvas.TextWidth(St0) div 2; 
        h:=Canvas.TextHeight(St0)div 2; 
{ 
        Str(Yy:K:L,St0); 
        w:=Canvas.TextWidth(St0) div 2; 
h:=Canvas.TextHeight(St0)div 2; 
} 
        Canvas.TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), 
St0); 
      end 
      else begin 
        Canvas.LineTo(Xin+Xtick,Yin); 
      end; 
      Xin:=X1i; 
      Canvas.MoveTo(Xin,Yin); 
    end; 
  end; 
  Yy:=Ymin; Scale; Canvas.LineTo(Xin,Yin); 
 







  tf:=TFont.Create; 
  tf.Assign(Canvas.Font); 
  GetObject(tf.Handle, sizeof(lf), @lf); 
  lf.lfEscapement:=900; 
  lf.lfOrientation:=900; 
  tf.Handle:=CreateFontIndirect(lf); 
  Canvas.Font.Assign(tf); 
  tf.free; 
 
  u:=1; 
  w:=Canvas.TextWidth(St) div 2; h:=Canvas.TextHeight(St)div 
2; 
  Xin:=0;  Yin:=Yoffset+PlotHeight div 2; 
  Canvas.TextOut(Xin-h*(u div 3), Yin+w*(u mod 3), St); 
  w:=Canvas.TextWidth(St1) div 2; 
  Xin:=Round(0.30*YlabelWidth);  Yin:=Yoffset+PlotHeight div 
2; 
  Canvas.TextOut(Xin-h*(u div 3), Yin+w*(u mod 3), St1); 
 
  tf:=TFont.Create; 
  tf.Assign(Canvas.Font); 
  GetObject(tf.Handle, sizeof(lf), @lf); 
  lf.lfEscapement:=0; 
  lf.lfOrientation:=0; 
  tf.Handle:=CreateFontIndirect(lf); 
  Canvas.Font.Assign(tf); 
  tf.free; 
end; 
end; { PlotLogAxes } 
 
procedure TForm1.PlotLogAxes2; 
var 
  NewRect : TRect; 
  Nmin,Nmax,I,J,K,L,Nx1,Nx2,Ny1,Ny2,w,h,u,X1i,Y1i : integer; 
  lf : TLogFont; 
  tf : TFont; 
  st0 : string; 
begin 
StringGrid1.Visible:=False; 
with Canvas do begin 
  Brush.Style:=bsSolid; 
  Brush.Color:=clWhite; 
{  Yoffset:=0;} 
  NewRect:=Rect(0,Yoffset,GraphWidth,Yoffset+GraphHeight); 
  FillRect(NewRect); 
  XlabelHeight:=Trunc(0.09*GraphHeight);{0.13} 
  YlabelWidth:=Trunc(0.0625*GraphWidth); {0.05} 
  PlotWidth:=GraphWidth-1-YlabelWidth; 
  PlotHeight:=GraphHeight-XlabelHeight; 
  Xtick:=Round(0.1*1.5*0.33*0.13*PlotWidth); 
  Ytick:=Round(0.1*1.5*0.13*PlotHeight); 







  Sx:=PlotWidth/(Xmax-Xmin); 
  Sy:=PlotHeight/(Ymin-Ymax); 
  Canvas.Font.Color:=clBlack; 
  Canvas.Font.Name:='Arial';  {Arial Black,Arial Narrow, Wide 
Latin'Arial','Times Roman';} 
  Canvas.Font.Size:=8; 
  Fsize1:=Round(8*Form1.ClientHeight/{768}600); 
  Fsize2:=Round(8*Form1.ClientWidth/{1024}800); 
  if Fsize1<Fsize2 then Font.Size:=Fsize1 else 
Font.Size:=Fsize2; 
  Font.Style:=[fsBold]; 
  Canvas.Pen.Color:=clBlack; 
  Xx:=Xmin; Yy:=Ymin; Scale; Canvas.MoveTo(Xin,Yin); 
  Xx:=Xmax; Yy:=Ymin; Scale; Canvas.LineTo(Xin,Yin); 
  Nmin:=Trunc(Ymin); 
  Nmax:=Trunc(Ymax); 
  Nx1:=Round(Xmin/(Nx*Xstep))*Nx; 
  Nx2:=Round(Xmax/(Nx*Xstep))*Nx; 
  Xx:=Nx1*Xstep; Yy:=Ymin; Scale; Canvas.MoveTo(Xin,Yin); 
  Y1i:=Yin; 
  for I:=Nx1 to Nx2 do begin 
    Canvas.LineTo(Xin,Yin); 
    if I mod Nx = 0 then begin 
      Canvas.LineTo(Xin,Yin-2*Ytick); 
      Yin:=Y1i+Round(0.4*Ytick); 
      if abs(Xx-Xmax)<(0.01*Xmax) then u:=2 
      else if abs(Xx-Xmin)<abs(0.01*Xmin) then u:=0 
      else u:=1; 
      K:=Round(ln(abs(Xx+1e-6))-1.8{-1-0.495-0.3}); 
      if K<-7 then begin K:=0; L:=0 end 
      else if K<-2 then begin K:=2; L:=2 end 
      else if K<=0 then L:=abs(K) 
      else L:=0; 
      K:=abs(K); 
      Str(Xx:K:L,St0); 
      w:=Canvas.TextWidth(St0) div 2; 
      h:=Canvas.TextHeight(St0)div 2; 
      Canvas.TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), St0); 
    end 
    else begin 
      Canvas.LineTo(Xin,Yin-Ytick); 
    end; 
    Yy:=Ymin; Scale;  Canvas.MoveTo(Xin,Yin); 
    Xx:=Xx+Xstep; Scale; 
  end; 
 
  Xx:=Xmax; Yy:=Ymin; Scale; Canvas.MoveTo(Xin,Yin); 
  for I:=Nmin to Nmax do begin 
    for J:=1 to 9 do begin 
      Yy:=Log10(J)+I; 
      if (Ymin<=Yy) and (Yy<=Ymax) then begin 







        Xx:=Xmax; Scale; Canvas.LineTo(Xin,Yin); 
        if J=1 then 
          Canvas.LineTo(Xin-2*Xtick,Yin) 
        else 
          Canvas.LineTo(Xin-Xtick,Yin); 
        Canvas.MoveTo(Xin,Yin); 
       end; 
     end; 
   end; 
  Yy:=Ymax; Scale; Canvas.LineTo(Xin,Yin); 
  for I:=Nx2 downto Nx1 do begin 
    Canvas.LineTo(Xin,Yin); 
    if I mod Nx = 0 then 
      Canvas.LineTo(Xin,Yin+2*Ytick) 
    else 
      Canvas.LineTo(Xin,Yin+Ytick); 
    Canvas.MoveTo(Xin,Yin); 
    Xx:=Xx-Xstep;  Scale; 
  end; 
  Xx:=Xmin; Yy:=Ymax; Scale;  Canvas.MoveTo(Xin,Yin); 
  X1i:=Xin; 
  for I:=Nmax downto Nmin do begin 
    for J:=10 downto 1 do begin 
      Yy:=Log10(J)+I; 
      if (Ymin<=Yy) and (Yy<=Ymax) then begin 
        Scale; Canvas.LineTo(Xin,Yin); 
        if J=1 then 
          Canvas.LineTo(Xin+2*Xtick,Yin) 
        else 
          Canvas.LineTo(Xin+Xtick,Yin); 
        if (J=1) or (J=2) or (J=5) then begin 
          Xin:=X1i-Round(0.3*Xtick); 
          Canvas.MoveTo(Xin,Yin); 
          K:=Round(Yy-0.495); 
          if K<-7 then begin K:=0; L:=0 end 
          else if K<-2 then begin K:=2; L:=2 end 
          else if K<=0 then L:=abs(K) 
          else L:=0; 
          K:=abs(K); 
          Str(Exp(Yy*Ln10):K:L,St0); 
          w:=Canvas.TextWidth(St0) div 2; 
          h:=Canvas.TextHeight(St0) div 2; 
          if abs(Yy/Ymin-1)<0.1 then u:=8 
          else if abs(Yy/Ymax-1)<0.01 then u:=2 
          else u:=5; 
          Canvas.TextOut(Xin-w*(u mod 3),Yin-h*(u div 3), St0 
) 
        end; 
        Xin:=X1i; 
        Canvas.MoveTo(Xin,Yin) 
      end; 
    end; 







  end; 
  Xx:=Xmin; Yy:=Ymin; Scale;  Canvas.LineTo(Xin,Yin); 
 
  u:=7; 
  St0:=HorizLabel; 
  w:=Canvas.TextWidth(St0) div 2; 
h:=Canvas.TextHeight(St0)div 2; 
  Xin:=YlabelWidth+PlotWidth div 2;  
Yin:=Yoffset+GraphHeight-1; 
  Canvas.TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), St0); 
 
  U:=1; 
  St0:=TitleLabel; 
  w:=Canvas.TextWidth(St0) div 2; 
h:=Canvas.TextHeight(St0)div 2; 
  Xin:=YlabelWidth+PlotWidth div 2;  
Yin:=Yoffset+Round(0.5*GraphHeight)-1; 
  Canvas.TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), St0); 
 
  tf:=TFont.Create; 
  tf.Assign(Canvas.Font); 
  GetObject(tf.Handle, sizeof(lf), @lf); 
  lf.lfEscapement:=900; 
  lf.lfOrientation:=900; 
  tf.Handle:=CreateFontIndirect(lf); 
  Canvas.Font.Assign(tf); 
  tf.free; 
 
  St:=VertLabel; 
  St1:=VertLabel2; 
  u:=1; 
  w:=Canvas.TextWidth(St) div 2; h:=Canvas.TextHeight(St)div 
2; 
  Xin:=0;  Yin:=Yoffset+PlotHeight div 2; 
  Canvas.TextOut(Xin-h*(u div 3), Yin+w*(u mod 3), St); 
  w:=Canvas.TextWidth(St1) div 2; 
  Xin:=Round(0.30*YlabelWidth);  Yin:=Yoffset+PlotHeight div 
2; 
  Canvas.TextOut(Xin-h*(u div 3), Yin+w*(u mod 3), St1); 
 
  tf:=TFont.Create; 
  tf.Assign(Canvas.Font); 
  GetObject(tf.Handle, sizeof(lf), @lf); 
  lf.lfEscapement:=0; 
  lf.lfOrientation:=0; 
  tf.Handle:=CreateFontIndirect(lf); 
  Canvas.Font.Assign(tf); 
  tf.free; 
end; 
end; { PlotLogAxes2 } 
 







procedure TForm1.PlotLogAxes3; 
var 
  NewRect : TRect; 
  Nmin,Nmax,I,J,K,L,Nx1,Nx2,Ny1,Ny2,w,h,u,X1i,Y1i : integer; 
  lf : TLogFont; 
  tf : TFont; 
  st0 : string; 
begin 
StringGrid1.Visible:=False; 
with Canvas do begin 
  Brush.Style:=bsSolid; 
  Brush.Color:=clWhite; 
{  Yoffset:=0;} 
  
NewRect:=Rect(0,Y2offset,GraphWidth,Y2offset+GraphHeight); 
  FillRect(NewRect); 
  XlabelHeight:=Trunc(0.09*GraphHeight);{0.13} 
  XlabelHeight:=Trunc(0.13*GraphHeight);{0.13} 
  YlabelWidth:=Trunc(0.0625*GraphWidth); {0.05} 
  PlotWidth:=GraphWidth-1-YlabelWidth; 
  PlotHeight:=GraphHeight-XlabelHeight; 
  Xtick:=Round(0.1*1.5*0.33*0.13*PlotWidth); 
  Ytick:=Round(0.1*1.5*0.13*PlotHeight); 
  S2x:=PlotWidth/(X2max-X2min); 
  S2y:=PlotHeight/(Y2min-Y2max); 
  Canvas.Font.Color:=clBlack; 
  Canvas.Font.Name:='Arial';  {Arial Black,Arial Narrow, Wide 
Latin'Arial','Times Roman';} 
  Canvas.Font.Size:=8; 
  Fsize1:=Round(8*Form1.ClientHeight/{768}600); 
  Fsize2:=Round(8*Form1.ClientWidth/{1024}800); 
  if Fsize1<Fsize2 then Font.Size:=Fsize1 else 
Font.Size:=Fsize2; 
  Font.Style:=[fsBold]; 
  Canvas.Pen.Color:=clBlack; 
  Xx:=X2min; Yy:=Y2min; Scale2; Canvas.MoveTo(Xin,Yin); 
  Xx:=X2max; Yy:=Y2min; Scale2; Canvas.LineTo(Xin,Yin); 
  Nmin:=Trunc(X2min); 
  Nmax:=Trunc(X2max); 
  Ny1:=Round(Y2min/(Ny*Y2step)-1)*Ny; 
  Ny2:=Round(Y2max/(Ny*Y2step)+1)*Ny; 
  Xx:=X2min; Yy:=Y2min; Scale2; Canvas.MoveTo(Xin,Yin); 
  Y1i:=Yin; 
  for I:=Nmin-1 to Nmax do begin 
    for J:=1 to 9 do begin 
      X:=Log10(J)+I; 
      if (X2min<=X) and (X<=X2max) then begin 
        Xx:=X; Scale2; Canvas.LineTo(Xin,Yin); 
        if J=1 then Yin:=Y1i-2*Ytick else Yin:=Y1i-Ytick; 
Canvas.LineTo(Xin,Yin); 
        if (J=1) or (J=2) or (J=5) then begin 
          Yin:=Y1i+Round(0.3*Ytick); 







          Canvas.MoveTo(Xin,Yin); 
          K:=Round(X-3-0.495); {3 for 1000 0.495 goes with 
round empirically determined} 
          if K<=0 then L:=abs(K) else L:=0; 
          K:=abs(K);                      {u = justification 
} 
          Str(Exp(X*Ln10)/1000:K:L,St0);   { 0  1  2 } 
          w:=Canvas.TextWidth(St0) div 2;  { 3  4  5 } 
          h:=Canvas.TextHeight(St0)div 2;  { 6  7  8 } 
          if abs(X/X2min-1)<0.01 then u:=0 
          else if abs(X/X2max-1)<0.01 then u:=2 
          else u:=1; 
          Canvas.TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), 
St0); 
        end; 
        Yin:=Y1i; 
        Canvas.MoveTo(Xin,Yin) 
      end 
    end 
  end; 
  Xx:=X2max; Scale2; Canvas.LineTo(Xin,Yin); 
 
  u:=7; 
  St0:='FREQUENCY IN kHZ'; 
  w:=Canvas.TextWidth(St0) div 2; 
h:=Canvas.TextHeight(St0)div 2; 
  Xin:=YlabelWidth+PlotWidth div 2;  
Yin:=Y2offset+GraphHeight-1; 
  Canvas.TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), St0); 
 
{ 
  U:=1; 
  St0:=TitleLabel; 
  w:=Canvas.TextWidth(St0) div 2; 
h:=Canvas.TextHeight(St0)div 2; 
  Xin:=YlabelWidth+PlotWidth div 2;  
Yin:=Yoffset+Round(0.05*GraphHeight)-1; 
  Canvas.TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), St0); 
} 
  Xx:=X2max; Yy:=Y2min; Scale2; Canvas.MoveTo(Xin,Yin); 
  for I:=Ny1 to Ny2 do begin 
    Yy:=I*Y2step; 
    if (Y2min<=Yy) and (Yy<=Y2max) then begin 
      Scale2; Canvas.LineTo(Xin,Yin); 
      if I mod Ny = 0 then 
        Canvas.LineTo(Xin-2*Xtick,Yin) 
      else 
        Canvas.LineTo(Xin-Xtick,Yin); 
      Canvas.LineTo(Xin,Yin); 
    end; 
  end; 







  Xx:=X2max; Yy:=Y2max; Scale2; Canvas.LineTo(Xin,Yin); 
 
{  Y1i:=Yin;} 
  for I:=Nmax downto Nmin do begin 
    for J:=10 downto 2 do begin 
      Xx:=Log10(J)+I; 
      if (X2min<=Xx) and (Xx<=X2max) then begin 
        Scale2; Canvas.LineTo(Xin,Yin); 
        if J=10 then 
          Canvas.LineTo(Xin,Yin+2*Ytick) 
        else 
          Canvas.LineTo(Xin,Yin+Ytick); 
        Canvas.MoveTo(Xin,Yin); 
      end; 
    end; 
  end; 
  Xx:=X2min; Scale2; Canvas.LineTo(Xin,Yin); 
 
  Yy:=abs(Y2max); if abs(Y2min)>Yy then Yy:=abs(Y2min); 
  X:=Log10(Yy); 
  K:=Round(X-0.495); 
  if K<=0 then L:=abs(K) else L:=0; 
  K:=abs(K); 
 
  X1i:=Xin; 
  for I:=Ny2 downto Ny1 do begin 
    Yy:=Y2step*I; 
    if (Y2min<=Yy) and (Yy<=Y2max) then begin 
      Scale2;  Canvas.LineTo(Xin,Yin); 
      if I mod Ny = 0 then begin 
        Canvas.LineTo(Xin+2*Xtick,Yin); 
        Xin:=X1i-Round(0.4*Xtick); 
        if abs(Yy-Y2max)<(0.01*Y2max) then u:=2 
        else if abs(Yy-Y2min)<abs(0.01*Y2min) then u:=8 
        else u:=5; 
        K:=Round(ln(abs(Yy+1e-6))-1.8{-1-0.495-0.3}); 
        if K<-7 then begin K:=0; L:=0 end 
        else if K<-2 then begin K:=2; L:=2 end 
        else if K<=0 then L:=abs(K) 
        else L:=0; 
        K:=abs(K); 
        Str(Yy:K:L,St0); 
        w:=Canvas.TextWidth(St0) div 2; 
        h:=Canvas.TextHeight(St0)div 2; 
{ 
        Str(Yy:K:L,St0); 
        w:=Canvas.TextWidth(St0) div 2; 
h:=Canvas.TextHeight(St0)div 2; 
} 
        Canvas.TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), 
St0); 







      end 
      else begin 
        Canvas.LineTo(Xin+Xtick,Yin); 
      end; 
      Xin:=X1i; 
      Canvas.MoveTo(Xin,Yin); 
    end; 
  end; 
  Yy:=Y2min; Scale2; Canvas.LineTo(Xin,Yin); 
 
  tf:=TFont.Create; 
  tf.Assign(Canvas.Font); 
  GetObject(tf.Handle, sizeof(lf), @lf); 
  lf.lfEscapement:=900; 
  lf.lfOrientation:=900; 
  tf.Handle:=CreateFontIndirect(lf); 
  Canvas.Font.Assign(tf); 
  tf.free; 
 
  u:=1; 
  w:=Canvas.TextWidth(St) div 2; h:=Canvas.TextHeight(St)div 
2; 
  Xin:=0;  Yin:=Y2offset+PlotHeight div 2; 
  Canvas.TextOut(Xin-h*(u div 3), Yin+w*(u mod 3), St); 
  w:=Canvas.TextWidth(St1) div 2; 
  Xin:=Round(0.30*YlabelWidth);  Yin:=Y2offset+PlotHeight 
div 2; 
  Canvas.TextOut(Xin-h*(u div 3), Yin+w*(u mod 3), St1); 
 
  tf:=TFont.Create; 
  tf.Assign(Canvas.Font); 
  GetObject(tf.Handle, sizeof(lf), @lf); 
  lf.lfEscapement:=0; 
  lf.lfOrientation:=0; 
  tf.Handle:=CreateFontIndirect(lf); 
  Canvas.Font.Assign(tf); 
  tf.free; 
end; 
end; { PlotLogAxes3 } 
 
function ParseSingleNumber(var J:integer):single; 
var 
  S : single; 
  code : integer; 
begin 
  Dstr:=''; 
  while not (p^[J] in [$20]) do begin 
    Dstr:=Dstr+Char(p^[J]); 
    Inc(J); 
  end; 
  while not (p^[J] in [$0d,$0a]) do Inc(J); 







  while (p^[J] in [$0d,$0a]) do Inc(J); 
  val (Dstr,S,Code); 
  ParseSingleNumber:=S 
end; 
 
function ParseString(var J:integer):string; 
begin 
  Dstr:=''; 
  while not (p^[J] in [$0d,$0a]) do begin 
    Dstr:=Dstr+Char(p^[J]); 
    Inc(J); 
  end; 
  while (p^[J] in [$0d,$0a]) do Inc(J); 
  ParseString:=Dstr; 
end; 
 
function ReadString(var St:string; var J:integer):string; 
var 
  St1: string; 
  K: integer; 
begin 
  St1:=''; 
  K:=Length(St); 
  while (J<=K) and (St[J] <> chr($9)) do begin 
    St1:=St1+St[J]; 
    Inc(J); 
  end; 
  Inc(J); 
  ReadString:=St1; 
end; 
 
 
function ParseCell(var J:integer):string; 
begin 
  if p^[J]=$09 then Dstr:=' ' else Dstr:=''; { at least put 
a space in an empty cell } 
  while not (p^[J] in [$09,$0D,$0A]) do begin 
    Dstr:=Dstr+Char(p^[J]); 
    Inc(J); 
  end; 
  while (p^[J] in [$09,$0D,$0A]) do Inc(J); 
  ParseCell:=Dstr; 
end; 
 
procedure OpenNewFileType; 
var 
  I,J: integer; 
begin 
  FEStr:=Copy(FE,2,Length(FE)); 
  AssignFile(InF,FileName);      { p. 14 } 
  Reset(InF,1);        { untyped file assumed to be bytes } 







  Size:=FileSize(InF);             { size in bytes } 
  GetMem(ByteBuffer,Size);         { temporary byte buffer } 
  BlockRead(InF,ByteBuffer^,Size); { fast unformatted byte 
read } 
  p:=ByteBuffer; 
  CloseFile(InF); 
  J:=0; 
  Comment:=ParseString(J); 
  Dt:=ParseSingleNumber(J); 
  Ymax:=ParseSingleNumber(J); PrMax:=Ymax; 
  Ymin:=ParseSingleNumber(J); PrMin:=Ymin; 
  TitleLabel:=ParseString(J); PrLabel :=TitleLabel; 
  DataFlagString:=ParseString(J); 
  SizeS1:=(Size-J) div 2 - 1; 
  if SizeS1>SBufSize then SizeS1:=SBufSize; 
  Jb:=0; Je:=SizeS1; 
  Tb:=0; 
  Te:=Dt*SizeS1; 
  for I:=0 to SizeS1 do Sig[I]:=0; 
  Sf:=(Ymax-Ymin)/65535; 
  for I:=0 to SizeS1 do begin 
    pbi:=@(p^[J]); 
    Sig[I]:=Ymin+Sf*(32768+pbi^)+Sf*(Random-0.5)*10; 
    Inc(J,2) 
  end; 
  for I:=1 to SizeS1 do Sig[I]:=Sig[I]-Sig[0]; { 0 pressure 
start } 
  Sig[0]:=0; 
  FreeMem(ByteBuffer,Size); 
end; 
 
procedure OpenNewFileType2; 
var 
  I,J: integer; 
  Y: single; 
begin 
  FEStr:=Copy(FE,2,Length(FE)); 
  AssignFile(InF,FileName);      { p. 14 } 
  Reset(InF,1);        { untyped file assumed to be bytes } 
  Size:=FileSize(InF);             { size in bytes } 
  GetMem(ByteBuffer,Size);         { temporary byte buffer } 
  BlockRead(InF,ByteBuffer^,Size); { fast unformatted byte 
read } 
  p:=ByteBuffer; 
  CloseFile(InF); 
  J:=0; 
  Comment:=ParseString(J); 
  TitleLabel:=ParseString(J); PrLabel :=TitleLabel; 
  Y:=ParseSingleNumber(J);    WaveformType:=Round(Y); 
  Dt:=ParseSingleNumber(J); 
  Yscf:=ParseSingleNumber(J); 







  Y:=ParseSingleNumber(J);    SizeS1:=Round(Y); 
SizeS1:=SizeS1-1; 
  for I:=0 to SbufSize do Sig[I]:=0; 
  for I:=0 to SizeS1 do begin 
    while (p^[J] in [$20,$09]) do Inc(J); 
    Dstr:=''; 
    while not (p^[J] in [$20,$09,$0D,$0A]) do begin 
      Dstr:=Dstr+char(p^[J]); 
      Inc(J); 
    end; 
    val(Dstr,Sig[I],Code); 
    while not (p^[J] in [$0D,$0A]) do Inc(J); 
    while     (p^[J] in [$0D,$0A]) do Inc(J); 
  end; 
  Ymax:=-1e6; Ymin:=1e6; 
  for I:=0 to SizeS1 do begin 
    if Sig[I]>Ymax then Ymax:=Sig[I]; 
    if Sig[I]<Ymin then Ymin:=Sig[I] 
  end; 
  PrMax:=Ymax; 
  PrMin:=Ymin; 
  for I:=0 to SizeS1 do begin 
    Sig[I]:=Sig[I]+(Random-0.5)*Ymax/131072; 
    Inc(J,2) 
  end; 
  FreeMem(ByteBuffer,Size); 
  Jb:=0; Je:=SizeS1; 
  Tb:=0; 
  Te:=Dt*SizeS1; 
end; 
 
procedure TForm1.OpenNewFileType3; 
var 
  I,J,K,M: integer; 
  Y: single; 
  SizeSt : string; 
begin 
(* 
  FileOpen:=True; 
  FEStr:=Copy(FE,2,Length(FE)); 
  Attrib:=FileGetAttr(FileName) and not faReadOnly; 
{ReadOnly file on Hard drive locks up} 
  Code:=FileSetAttr(FileName,Attrib); {Returns error on 
CDRom} 
  AssignFile(InF,FileName);      { p. 14 } 
  Reset(InF,1);        { untyped file assumed to be bytes } 
  Size:=FileSize(InF);             { size in bytes } 
  GetMem(ByteBuffer,Size);         { temporary byte buffer } 
  BlockRead(InF,ByteBuffer^,Size); { fast unformatted byte 
read } 
  p:=ByteBuffer; 







  CloseFile(InF); 
  J:=0; 
{  Comment:=ParseString(J);} 
  for K:=0 to HeaderLines do begin 
    for I:=0 to 2 do begin 
      Application.ProcessMessages; 
      StringGrid1.Cells[I,K]:=ParseCell(J) 
    end; 
  end; 
  for I:=0 to SbufSize do Sig[I]:=0; 
  Done:=False; 
  I:=0; 
  while not Done and (p^[J] in [$20]) do begin { get to start 
of first number } 
    Inc(J); if J>Size then Done:=True; 
  end; 
  repeat 
    Dstr:=''; 
    while (not done) and (not (p^[J] in [$20,$0D,$0A])) do 
begin  { end of number } 
      Dstr:=Dstr+char(p^[J]); 
      Inc(J); if J>Size then Done:=True; 
    end; 
    val(Dstr,Sig[I],Code); 
    while (not done) and (p^[J] in [$20,$0D,$0A]) do begin { 
pass EOL, to start of number } 
      Inc(J); if J>Size then Done:=True; 
    end; 
    I:=I+1; 
  until Done; 
  SizeS1:=I-2; 
  Ymax:=-1e6; Ymin:=1e6; 
  for I:=0 to SizeS1 do begin 
    if Sig[I]>Ymax then Ymax:=Sig[I]; 
    if Sig[I]<Ymin then Ymin:=Sig[I] 
  end; 
  PrMin:=Ymin; PrMax:=Ymax; 
  if OldAha then begin 
    Dstr:=StringGrid1.Cells[1,3]; 
    TitleLabel:=StringGrid1.Cells[2,2] 
  end 
  else begin 
    Dstr:=StringGrid1.Cells[1,2]; 
    TitleLabel:=StringGrid1.Cells[2,1] 
  end; 
  val(Dstr,SampleRate,Code); 
{ 
  if SampleRate<20000 then begin 
    GetNumR('Preferred sample rates 
',20000,1000000,SampleRate); 
    Str(SampleRate:0:0,Dstr); 
    StringGrid1.Cells[1,3]:=Dstr; 







  end; 
} 
  Dt:=1/SampleRate; 
  TitleLabel :=StringGrid1.Cells[2,2]; 
  str(SizeS1+1,sizest); 
  StringGrid1.Cells[1,3]:=SizeSt; 
  for I:=0 to SizeS1 do 
    Sig[I]:=Sig[I]+(Random-0.5)*Ymax/16384; 
  Y:=Log2(SizeS1+1); 
  M:=Trunc(Y); 
  if Y-M>0.025 then M:=M+1; 
  SizeS1New:=Round(Exp(M*Ln(2)))-1; 
  for I:=SizeS1+1 to SizeS1New do Sig[I]:=0; 
  SizeS1:=SizeS1New; 
  FreeMem(ByteBuffer,Size); 
  Jb:=0; Je:=SizeS1; 
  Tb:=0; 
  Te:=Dt*SizeS1; 
*) 
end; 
 
procedure TForm1.OpenNewFileType4; 
var 
  I,J: integer; 
  SizeSt,SizeSt1,ColStr,CycleStr,PhaseStr,Dstr : string; 
  Message1 : word; 
 
begin 
  FileOpen:=True; 
  FEStr:=Copy(FE,2,Length(FE)); 
  Val(FEStr,Dt,Code); { look for time interval in old 
extension } 
  if Code=0 then begin 
    if Dt<>0 then Dt:=(Dt/10)*1e-6; 
    SampleRate:=1/Dt; 
  end 
  else 
    SampleRate:=200000; 
  Str(SampleRate:0:0,St); 
  if OldAha then begin 
    Dstr:=StringGrid1.Cells[1,3]; 
    TitleLabel :=StringGrid1.Cells[2,2] 
  end 
  else begin 
    Dstr:=StringGrid1.Cells[1,2]; 
    TitleLabel :=StringGrid1.Cells[2,1] 
  end; 
  AssignFile(InF,FileName); 
  if DriveWritable then begin {clear read only bit if copied 
to HD from CD-ROM} 







    Attrib:=FileGetAttr(FileName) and not faReadOnly; { 
ReadOnly file on HD locks up} 
    Code:=FileSetAttr(FileName,Attrib); {returns error on 
CD-ROM} 
  end else begin {CD-ROM Set file access to read only, 
defaults to 2: read-write} 
    FileMode:=0; 
  end;   
  Reset(InF,1);        { untyped file assumed to be bytes } 
  Size:=FileSize(InF);             { size in bytes } 
  if (Size>BufSize) or (1=0) then begin 
    GetMem(ByteBuffer,BufSize); {temp byte buffer} 
    SetLength(ISig,SbufSize0);  {translate buffer} 
    p:=ByteBuffer; 
    Str(Size,SizeSt); Str(BufSize,SizeSt1); 
    CycleNumber:=4;   Str(CycleNumber,CycleStr); 
    CyclePhase:=0;    Str(CyclePhase,PhaseStr); 
    Message1:=MessageDlg( 
    'File size of '+SizeSt+' bytes exceeds input buffer limit 
of '+SizeSt1+'. Assume '+CycleStr+ 
    ' ASCII data channels are multiplexed at each time point 
and are separated by '+ 
    'delimiters such as comma, tab, space, CR or LF 
characters. The default channel number is 0. '+ 
    'The data will be read directly from the disk and only 
the selected channel will be saved. '+ 
    'Hit OK to edit these 
values.'+CrLf,mtInformation,[mbOK],0); 
    GetNumI('Number of channels',1,100,CycleNumber); 
    GetNumI('Channel to import',0,CycleNumber-1,CyclePhase); 
    Adding:=False; 
    I:=0; K:=0; 
    repeat 
      BlockRead(InF,ByteBuffer^,BufSize,NumRead); {fast 
unformatted byte read} 
      for J:=0 to NumRead do begin 
        if Adding then begin 
          if (p^[J] in [$09,$20,$2c,$0d,$0a]) then begin 
            Adding:=False; 
            if (I mod CycleNumber)=CyclePhase then begin 
              val(Dstr,Isig[K],Code); 
              inc(K); 
            end; 
            Inc(I); 
          end else begin 
            Dstr:=Dstr+char(p^[J]); 
          end 
        end else begin 
          if not(p^[J] in [$09,$20,$2c,$0d,$0a]) then begin 
            Adding:=True; 
            Dstr:=char(p^[J]); 
          end 







        end 
      end; 
    until NumRead<BufSize; 
 
 
  end else begin 
    IsDouble:=False; 
    GetMem(ByteBuffer,Size);         { temporary byte buffer 
} 
    BlockRead(InF,ByteBuffer^,Size,NumRead); { fast 
unformatted byte read } 
    p:=ByteBuffer; 
    CloseFile(InF); 
    if IsDouble then begin 
      J:=$13bc; 
      K:=0; I:=0; 
      repeat 
        if K mod 18 = 17 then begin 
          pbd:=@(p^[J]); 
          Sig[I]:=pbd^; 
          Inc(I); 
        end; 
        K:=K+1; 
        J:=J+8; 
      until J>=Size - 70*8; 
      SizeS1:=I; 
    end else begin 
      IsAscii:=True; IsNumAscii:=True; IsFloat:=True; 
      K:=Size-1; 
      for J:=Size-1 downto 0 do begin 
        if p^[J] in [$0D,$0A,$1A] then K:=J; { remember last 
CrLf } 
        if not (p^[J] in [$00,$08..$0D,$1A,$20..$7F]) then 
          IsAscii:=False; 
        if not (p^[J] in 
[$08..$0D,$1A,$20,$45,$65,$2B..$39]) then begin 
          if IsNumAscii then Kk:=K; { last row of  header } 
          IsNumAscii:=False; 
        end; 
    {    if p^[J]=$0D then if p^[J+1]<>$0A then 
IsCrLf:=False;} 
      end; 
      J:=3; 
      repeat 
        if (p^[J] and $7f) > $49 then IsFloat:=False; 
        inc(J,4) 
      until J>Size-1; 
      { WAV } 
      if (char(p^[0])='R') and (char(p^[1])='I') and 
(char(p^[2])='F') and (char(p^[3])='F') 
      then begin { RIFF WAV format } 







 
        J:=$04; 
        Done:=False; 
        repeat 
          repeat 
            if char(p^[J])='f' then 
              if char(p^[J+1])='m' then 
                if char(p^[J+2])='t' then 
                  if char(p^[J+3])=' ' then begin 
                    Done:=True; 
                    J:=J+3 
                  end; 
            Inc(J) 
          until Done or (J=Size); 
        until Done; 
 
 
        pbl:=@(p^[J+$0]); CkSize:=pbl^; 
        case CkSize of 
        16: Dstr1:='PCM Data'; 
        18: Dstr1:='Non-PCM Data'; 
        40: Dstr1:='Extensible Format'; 
        else 
            Dstr1:=''; 
        end; 
        pbi:=@(p^[J+$04]); FmtCode:=pbi^; 
        case FmtCode of 
        1: Dstr2:=', PCM'; 
        3: Dstr2:=', IEEE float'; 
        6: Dstr2:=', 8-bit ITU-G.711 A-law'; 
        7: Dstr2:=', 8-bit ITU-G.711 Mu-law'; 
        -2: Dstr2:=', determined by SubFormat'; 
        else 
           Dstr2:=''; 
        end; 
        Dstr1:=Dstr1+Dstr2; 
        pbi:=@(p^[J+$06]); ChNo:=pbi^; Str(ChNo:0,Dstr); { 
number of channels} 
        pbl:=@(p^[J+$08]); ReplyI:=pbl^; SampleRate:=ReplyI; 
Str(SampleRate:0:0,Dstr); { Sample rate } 
        StringGrid1.Cells[1,2]:=Dstr; 
        pbi:=@(p^[J+$10]); BytesPerSample:=pbi^; 
        pbi:=@(p^[J+$12]); BitsPerSample:=pbi^; 
Str(BitsPerSample:0,Dstr); 
        Dstr1:=Dstr1+', '+Dstr+' bits per sample'; 
        case ChNo of 
        1: Dstr2:=', Mono'; 
        2: Dstr2:=', Stereo'; 
        else 
           Dstr2:=''; 
        end; 







        Dstr1:=Dstr1+Dstr2; 
        if FmtCode=-2 then begin 
          pbi:=@(p^[J+$1C]); FmtCode:=pbi^; 
          case FmtCode of 
          1: Dstr2:=', PCM'; 
          3: Dstr2:=', IEEE float'; 
          else 
             Dstr2:=''; 
          end; 
        end 
        else 
          Dstr2:=''; 
        Dstr1:=Dstr1+Dstr2; 
        StringGrid1.Cells[2,2]:=Dstr1; 
        if (FmtCode=1) or (FmtCode=3) then begin  { PCM 2's 
complement format } 
          J:=J+$14; 
          Done:=False; 
          repeat 
            repeat 
              if char(p^[J])='d' then 
                if char(p^[J+1])='a' then 
                  if char(p^[J+2])='t' then 
                    if char(p^[J+3])='a' then begin 
                      Done:=True; 
                      J:=J+3 
                    end; 
              Inc(J) 
            until Done or (J=Size); 
          until Done; 
          pbl:=@(p^[J]); ReplyI:=pbl^; SizeS1:=ReplyI; 
          SizeS1:=Round(SizeS1/({ChNo*}BytesPerSample)); 
          Str(SizeS1+1:0,Dstr); { number of samples} 
          StringGrid1.Cells[1,4]:=Dstr; 
          if FmtCode=3 then BytesPerSample:=-BytesPerSample; 
{ neg Bytes means IEEE float } 
          J:=J+4; 
          I:=0; 
          repeat 
            case ChNo of 
            1:begin 
                case BytesPerSample of 
               -4:begin   { IEEE single } 
                    pbs:=@(p^[J]); 
                    Sig[I]:=pbs^; 
                    J:=J+4 
                  end; 
               -8:begin   { IEEE double } 
                    pbd:=@(p^[J]); 
                    Sig[I]:=pbd^; 
                    J:=J+8 
                  end; 







                1:begin 
                    { pbh:=@(p^[J]); Shi:=pbh^;  8-bit mono 
} 
                    { Sig[I]:=Shi;} 
                    pbb:=@(p^[J]); Sbyte:=pbb^; { 8-bit mono 
byte} 
                    Sig[I]:=Sbyte-128; 
                    J:=J+1; 
                  end; 
                2:begin 
                    pbi:=@(p^[J]); Smi:=pbi^; { 16-bit mono 
} 
                    Sig[I]:=Smi; 
                    J:=J+2; 
                  end; 
                3:begin 
                    pbl:=@(p^[J]); Lmi:=pbl^; { 24-bit mono 
} 
                    if ($800000 and Lmi)=0 then 
                      Lmi:=$00FFFFFF and Lmi  {mask out most 
sig byte} 
                    else 
                      Lmi:=$FF000000 or Lmi;  { extend sign 
bit thru high byte } 
                    Sig[I]:=Lmi; 
                    J:=J+3; 
                  end; 
                4:begin 
                    pbl:=@(p^[J]);  { 32-bit mono } 
                    Sig[I]:=pbl^; 
                    J:=J+4 
                  end; 
                end; 
              end; 
            2:begin 
                case BytesPerSample of 
               -8:begin 
                    pbs:=@(p^[J]); 
                    Sig[I]:=pbs^; 
                    J:=J+4; 
                    pbs:=@(p^[J]); 
                    Sig[I+SizeS1-1]:=pbs^; 
                    J:=J+4 
                  end; 
              -16:begin 
                    pbd:=@(p^[J]); 
                    Sig[I]:=pbd^; 
                    J:=J+8; 
                    pbd:=@(p^[J]); 
                    Sig[I+SizeS1-1]:=pbd^; 
                    J:=J+8 
                  end; 







                2:begin 
                    pbb:=@(p^[J]); Sbyte:=pbb^; { 8-bit 
stereo left byte} 
                    Sig[I]:=Sbyte-128; 
                    J:=J+1; 
                    pbb:=@(p^[J]); Sbyte:=pbb^; { 8-bit 
stereo right byte} 
                    Sig[I+SizeS1-1]:=Sbyte-128; 
                    J:=J+1; 
                  end; 
                4:begin 
                    pbi:=@(p^[J]); Smi:=pbi^; { 16-bit 
stereo left} 
                    Sig[I]:=Smi; 
                    J:=J+2; 
                    pbi:=@(p^[J]); Smi:=pbi^; { 16-bit 
stereo right} 
                    Sig[I+SizeS1-1]:=Smi; 
                    J:=J+2 
                  end; 
                6:begin 
                    pbl:=@(p^[J]); Lmi:=pbl^; { 24-bit mono 
} 
                    if ($800000 and Lmi)=0 then 
                      Lmi:=$00FFFFFF and Lmi 
                    else 
                      Lmi:=$FF000000 or Lmi; 
                    Sig[I]:=Lmi; 
                    J:=J+3; 
                    pbl:=@(p^[J]); Lmi:=pbl^; { 24-bit mono 
} 
                    if ($800000 and Lmi)=0 then 
                      Lmi:=$00FFFFFF and Lmi 
                    else 
                      Lmi:=$FF000000 or Lmi; 
                    Sig[I+SizeS1-1]:=Lmi; 
                    J:=J+3; 
                  end; 
                8:begin 
                    pbl:=@(p^[J]); Lmi:=pbl^; { 32-bit mono 
} 
                    Sig[I]:=Lmi; 
                    J:=J+4; 
                    pbl:=@(p^[J]); Lmi:=pbl^; { 32-bit mono 
} 
                    Sig[I+SizeS1-1]:=Lmi; 
                    J:=J+4; 
                  end 
                end 
              end 
            end; 
            Inc(I); 







          until {J>Size} I>=SizeS1; 
          if ChNo<>1 then SizeS1:=2*SizeS1; {left followed by 
right } 
          Dec(SizeS1); 
        end 
      end 
      else if IsASCII then begin 
        Done:=False; 
        if IsNumASCII then 
          J:=0  { ASCII Number array } 
        else begin 
          J:=Kk; { ASCII Number array with header} 
          while (not done) and (p^[J] in [$0D,$0A,$1A]) do 
Inc(J); { first line of ASCII data } 
        end; 
        I:=0; 
        while not Done and (p^[J] in [$09,$20]) do begin { 
get to start of first number } 
          Inc(J); if J>Size then Done:=True; 
        end; 
        ColumnsCounted:=False; 
        ColumnNumber:=0; 
        repeat 
          while (not done) and (p^[J] in [$09,$20]) do 
Inc(J); 
          Dstr:=''; 
          while (not done) and (not (p^[J] in 
[$09,$20,$2C,$0D,$0A])) do begin  { end of number } 
            Dstr:=Dstr+char(p^[J]); 
            Inc(J); if J>Size then Done:=True; 
          end; 
          val(Dstr,Sig[I],Code); 
          if not ColumnsCounted then Inc(ColumnNumber); 
          while (not done) and (p^[J] in 
[$09,$20,$2C,$0D,$0A]) do begin { pass EOL, to start of number 
} 
            if (not ColumnsCounted) and (p^[J] in [$0D,$0A]) 
then ColumnsCounted:=True; 
            Inc(J); if J>Size then Done:=True; 
          end; 
          I:=I+1; 
        until Done; 
        SizeS1:=I-2; 
        if ColumnsCounted then begin 
          Str(ColumnNumber,ColStr); 
          Message1:=MessageDlg(ColStr+ 
          ' columns of numbers were detected. This could be 
interpreted as a spread-sheet '+ 
          'with the waveform as one of the columns. It could 
also be a single row of numbers '+ 
          'which may be word-wrapped into multiple 
lines.'+CrLf+ 







          'Click YES if this is a spread-sheet.'+CrLf+ 
          'Click NO  if this is a word-wrapped 
waveform.'+CrLf+ 
          'Click Cancel otherwise to examine the file with a 
word-processor.',mtConfirmation,[mbYes,mbNo,mbCancel],0); 
          if Message1=mrYes then begin 
            ColumnSelect:=ColumnNumber; 
            GetNumI('Spreadsheet column 
number',1,ColumnNumber,ColumnSelect); 
            I:=0; J:=0; 
            repeat 
              if J mod ColumnNumber = ColumnSelect-1 then 
begin 
                Sig[I]:=Sig[J]; 
                Inc(I); 
              end; 
              Inc(J); 
            until J>SizeS1; 
            SizeS1:=I-2; 
          end; 
        end; 
      end 
      else if IsFloat then begin { Single precision floating 
point } 
        Dstr:=copy(FEStr,1,3); 
        val(Dstr,Dt,Code); 
        if Code=0 then Dt:=Dt/10 else Dt:=5; { successful 
number  } 
        SampleRate:=1e6/Dt; 
        Str(SampleRate:0:0,Dstr); 
        StringGrid1.Cells[1,2]:=Dstr; 
        SizeS1:=(Size div 4) - 1; 
        Str(SizeS1+1:0,Dstr); 
        StringGrid1.Cells[1,4]:=Dstr; 
        J:=0; 
        for I:=0 to SizeS1 do begin 
          pbs:=@(p^[J]); Sig[I]:=pbs^; 
          J:=J+4 
        end; 
      end 
      else begin { binary } 
        Message1:=MessageDlg( 
        'This file may contain 16 bit binary integers. 
'+CrLf+ 
        'Click YES if it is a standard binary file.'+CrLf+ 
        'Click NO  if it is a byte-reversed binary 
file.'+CrLf+ 
        'Click Cancel otherwise to examine the file with a 
HEXADECIMAL 
editor.',mtConfirmation,[mbYes,mbNo,mbCancel],0); 
        J:=0; 
        MatlabFormat:=True; 







        if MatlabFormat then begin 
          ColumnNumber:=7; 
          SizeS1:=Size div ColumnNumber - 100; 
          SizeS1:=1000000; 
        end else begin 
          SizeS1:=Size div 2 - 1; 
        end; 
        for I:=0 to SizeS1 do begin 
          if Message1=mrYes then begin 
            if MatlabFormat then begin 
              pbd:=@(p^[J]); 
              Sig[I]:=pbd^; 
              J:=J+8; 
            end else begin 
              pbi:=@(p^[j]); 
              Sig[I]:=pbi^; 
              J:=J+2; 
            end; 
          end 
          else if Message1=mrNo then begin  { swap bytes } 
            pbb:=@(p^[J]); Sbyte:=pbb^;  J:=J+1; 
            pbb:=@(p^[J]); Sbyte1:=pbb^; J:=J+1; 
            Smi:=Sbyte*256+Sbyte1; 
            Sig[I]:=Smi; 
          end; 
        end; 
 
        ColumnSelect:=ColumnNumber; 
        GetNumI('Spreadsheet column 
number',1,ColumnNumber,ColumnSelect); 
        I:=0; J:=0; 
        repeat 
          if J mod ColumnNumber = ColumnSelect-1 then begin 
            Sig[I]:=Sig[J]; 
            Inc(I); 
          end; 
          Inc(J); 
        until J>SizeS1; 
        SizeS1:=I-2; 
      end; 
    end; 
  end; 
  Ymax:=-1e10; Ymin:=1e10; 
  for I:=0 to SizeS1 do begin 
    if Sig[I]>Ymax then Ymax:=Sig[I]; 
    if Sig[I]<Ymin then Ymin:=Sig[I] 
  end; 
  PrMin:=Ymin; PrMax:=Ymax; 
  Dt:=1/SampleRate; 
  TitleLabel :=StringGrid1.Cells[2,1]; 
  Str(SizeS1+1,SizeSt); 







  StringGrid1.Cells[1,4]:=SizeSt; 
  FreeMem(ByteBuffer{,Size}); 
  Jb:=0; Je:=SizeS1; 
  Tb:=0; 
  Te:=Dt*SizeS1; 
end; 
 
procedure TForm1.OpenNewFileType5; 
var 
  I,J,K,M: integer; 
  Y: single; 
  SizeSt : string; 
begin 
  RandSeed:=1; 
  FileOpen:=True; 
  FEStr:=Copy(FE,2,Length(FE)); 
  AssignFile(InF,FileName); 
  if DriveWritable then begin 
    Attrib:=FileGetAttr(FileName) and not faReadOnly; 
{ReadOnly file on Hard drive locks up} 
    Code:=FileSetAttr(FileName,Attrib); {Returns error on 
CDRom} 
  end else begin 
    FileMode:=0; 
  end; 
  Reset(InF,1);        { untyped file assumed to be bytes } 
  Size:=FileSize(InF);             { size in bytes } 
  GetMem(ByteBuffer,Size);         { temporary byte buffer } 
  BlockRead(InF,ByteBuffer^,Size); { fast unformatted byte 
read } 
  p:=ByteBuffer; 
  CloseFile(InF); 
  J:=0; 
  HeaderLines:=0; { number of header lines (each has 2 tabs) 
} 
  with StringGrid1 do begin 
    repeat 
      K:=0; 
      while not (p^[J] in [$0D,$0A]) do begin 
        if p^[J]=$09 then Inc(K); 
        Inc(J); 
      end; 
      if K<>0 then Inc(HeaderLines); { detected header line 
} 
      while (p^[J] in [$0D,$0A]) do begin { finish line } 
        Inc(J); 
      end; 
    until K=0; 
    Dec(HeaderLines); 
//    HeaderLines:=29; 







    if HeaderLines=AHAHeaderLinesOld then OldAha:=True else 
OldAha:=False; 
    J:=0; 
(* 
    MakeNewGrid:=True; 
    if MakeNewGrid then begin 
*) 
    for K:=0 to HeaderLines do begin 
      for I:=0 to 2 do begin 
        Application.ProcessMessages; 
        Cells[I,K]:=ParseCell(J) 
      end; 
    end; 
    if OldAha then begin 
      Cells[0,1]:=Cells[0,2]; 
      Cells[1,1]:=Cells[1,2]; 
      Cells[2,1]:=Cells[2,2]; 
      Cells[0,2]:=Cells[0,3]; 
      Cells[1,2]:=Cells[1,3]; 
      Cells[2,2]:=Cells[2,3]; 
      Cells[0,3]:=Cells[0,13]; 
      Cells[1,3]:=Cells[1,13]; 
      Cells[2,3]:=Cells[2,13]; 
      HeaderLines:=4; 
      for K:=HeaderLines+1 to AHAHeaderLinesOld do begin 
        for I:=0 to 2 do begin 
          Cells[I,K]:=''; 
        end; 
      end; 
      Cells[0,4]:='Number of samples'; 
      ModelSt:=Cells[1,3]; 
      val(ModelSt,ModelNo,Code); 
      Application.ProcessMessages 
    end; 
    Cells[0,5]:='Number of exposures with no protector, 
warned'; 
    Cells[1,5]:=''; Cells[2,5]:=''; 
    Cells[0,6]:='Number of exposures with no protector, 
unwarned'; 
    Cells[1,6]:=''; Cells[2,6]:=''; 
    Cells[0,7]:='Peak Pressure Level'; 
    Cells[1,7]:=''; Cells[2,7]:='dB'; 
    Cells[0,8]:='LAeq'; 
    Cells[1,8]:=''; Cells[2,8]:='dB'; 
    Cells[0,9]:='LAeq8hr'; 
    Cells[1,9]:=''; Cells[2,9]:='dB'; 
    Cells[0,10]:='Na'; 
    Cells[1,10]:=''; 
    Cells[2,10]:='allowed number of exposures based on A-
weighted energy under a protector'; 
    Cells[0,11]:='A-weighted energy'; 
    Cells[1,11]:=''; Cells[2,11]:='Joules/m^2'; 







    Cells[0,12]:='N1'; 
    Cells[1,12]:=''; 
    Cells[2,12]:='allowed number of single hearing protected 
exposures MIL-STD-1474D'; 
    Cells[0,13]:='N2'; 
    Cells[1,13]:=''; 
    Cells[2,13]:='allowed number of double hearing protected 
exposures'; 
    Cells[0,14]:='Ta'; 
    Cells[1,14]:=''; 
    Cells[2,14]:='A-duration milliseconds'; 
    Cells[0,15]:='Tb'; 
    Cells[1,15]:=''; 
    Cells[2,15]:='B-duration milliseconds'; 
    Application.ProcessMessages; 
    for I:=16 to 21 do for K:=0 to 2 do Cells[K,I]:=''; 
    Application.ProcessMessages; 
  end; 
  for I:=0 to SbufSize do Sig[I]:=0; 
  Done:=False; 
  I:=0; 
  while not Done and (p^[J] in [$20]) do begin { get to start 
of first number } 
    Inc(J); if J>Size then Done:=True; 
  end; 
  repeat 
    Dstr:=''; 
    while (not done) and (not (p^[J] in [$20,$0D,$0A])) do 
begin  { end of number } 
      Dstr:=Dstr+char(p^[J]); 
      Inc(J); if J>=Size then Done:=True; 
    end; 
    val(Dstr,Sig[I],Code); 
    while (not done) and (p^[J] in [$20,$0D,$0A]) do begin { 
pass EOL, to start of number } 
      Inc(J); if J>=Size then Done:=True; 
    end; 
    I:=I+1; 
  until Done; 
  SizeS1:=I-1; 
  Ymax:=-1e6; Ymin:=1e6; 
  for I:=0 to SizeS1 do begin 
    if Sig[I]>Ymax then Ymax:=Sig[I]; 
    if Sig[I]<Ymin then Ymin:=Sig[I] 
  end; 
  if not PressureTimePlot1 then begin PrMin:=Ymin; 
PrMax:=Ymax; end; 
  ModelSt:=StringGrid1.cells[1,3]; 
  val(ModelSt,ModelNo,Code); 
  Dstr:=StringGrid1.Cells[1,2]; 
  TitleLabel:=StringGrid1.Cells[2,1]; 
  val(Dstr,SampleRate,Code); 







  Dt:=1/SampleRate; 
  str(SizeS1+1,sizest); 
  StringGrid1.Cells[1,4]:=SizeSt; 
  for I:=0 to SizeS1 do 
    Sig[I]:=Sig[I]+RandG(0,Ymax/131072); 
  Y:=Log2(SizeS1+1); 
  M:=Trunc(Y); 
  if Y-M>0.025 then M:=M+1; 
  SizeS1New:=Round(Exp(M*Ln(2)))-1; 
  for I:=SizeS1+1 to SizeS1New do 
Sig[I]:=0+RandG(0,Ymax/131072); 
  SizeS1:=SizeS1New; 
  FreeMem(ByteBuffer,Size); 
  Jb:=0; Je:=SizeS1; 
  Tb:=0; 
  Te:=Dt*SizeS1; 
  Nn:=Round(Exp(Ln(2)*(1+Trunc(Log2(SizeS1))))); 
  for J:=0 to SizeS1 do ISig[J]:=Sig[J]; { store in case want 
another hpd } 
  Eawt:=0; 
  for J:=0 to SizeS1 do Eawt:=Eawt+Sqr(Sig[J]); 
  Eawt:=Eawt*Dt/415; 
 
end; 
 
procedure TForm1.OpenNewFileType6; 
var 
  I,J,K,M: integer; 
  Y: single; 
  SizeSt : string; 
begin 
  FileOpen:=True; 
  FEStr:=Copy(FE,2,Length(FE)); 
  Attrib:=FileGetAttr(FileName) and not faReadOnly; 
{ReadOnly file on Hard drive locks up} 
  Code:=FileSetAttr(FileName,Attrib); {Returns error on 
CDRom} 
  AssignFile(InF,FileName);      { p. 14 } 
  Reset(InF,1);        { untyped file assumed to be bytes } 
  Size:=FileSize(InF);             { size in bytes } 
  GetMem(ByteBuffer,Size);         { temporary byte buffer } 
  BlockRead(InF,ByteBuffer^,Size); { fast unformatted byte 
read } 
  p:=ByteBuffer; 
  CloseFile(InF); 
  J:=0; 
  HeaderLines:=0; { number of header lines (each has 2 tabs) 
} 
  with StringGrid1 do begin 
    repeat 
      K:=0; 







      while not (p^[J] in [$0D,$0A]) do begin 
        if p^[J]=$09 then Inc(K); 
        Inc(J); 
      end; 
      if K<>0 then Inc(HeaderLines); { detected header line 
} 
      while (p^[J] in [$0D,$0A]) do begin { finish line } 
        Inc(J); 
      end; 
    until K=0; 
    Dec(HeaderLines); 
    if HeaderLines=AHAHeaderLinesOld then OldAha:=True else 
OldAha:=False; 
    J:=0; 
    for K:=0 to HeaderLines do begin 
      for I:=0 to 2 do begin 
        Application.ProcessMessages; 
        Cells[I,K]:=ParseCell(J) 
      end; 
    end; 
    if OldAha then begin 
      Cells[0,1]:=Cells[0,2]; 
      Cells[1,1]:=Cells[1,2]; 
      Cells[2,1]:=Cells[2,2]; 
      Cells[0,2]:=Cells[0,3]; 
      Cells[1,2]:=Cells[1,3]; 
      Cells[2,2]:=Cells[2,3]; 
      Cells[0,3]:=Cells[0,13]; 
      Cells[1,3]:=Cells[1,13]; 
      Cells[2,3]:=Cells[2,13]; 
      HeaderLines:=4; 
    end; 
    for K:=HeaderLines+1 to AHAHeaderLinesOld do begin 
      for I:=0 to 2 do begin 
        Cells[I,K]:=''; 
      end; 
    end; 
    Cells[0,4]:='Number of samples'; 
    Cells[0,5]:='Nu'; 
    Cells[2,5]:='allowed number of unwarned exposures'; 
    Cells[0,6]:='Nw'; 
    Cells[2,6]:='allowed number of warned exposures'; 
    Cells[0,7]:='Peak pressure level'; 
    Cells[2,7]:='dB'; 
    Cells[0,8]:='Establish start level'; 
    Cells[2,8]:='dB'; 
    Cells[0,9]:='LAeq8hr'; 
    Cells[2,9]:='dB'; 
    Cells[0,10]:='A-weighted energy'; 
    Cells[2,10]:='joules per square meter'; 
    Cells[0,11]:='Na'; 







    Cells[2,11]:='allowed number of exposures based on A-
weight energy at eardrum of manikin'; 
    Cells[0,12]:='N1'; 
    Cells[2,12]:='allowed number of single hearing protected 
exposures MIL-STD-1474D'; 
    Cells[0,13]:='N2'; 
    Cells[2,13]:='allowed number of double hearing protected 
exposures'; 
    Cells[0,14]:='Ta'; 
    Cells[2,14]:='A-duration milliseconds'; 
    Cells[0,15]:='Tb'; 
    Cells[2,15]:='B-duration milliseconds'; 
    ModelSt:=Cells[1,3]; 
    val(ModelSt,ModelNo,Code); 
    Application.ProcessMessages; 
  end; 
  for I:=0 to SbufSize do Sig[I]:=0; 
  Done:=False; 
  I:=0; 
  while not Done and (p^[J] in [$20]) do begin { get to start 
of first number } 
    Inc(J); if J>Size then Done:=True; 
  end; 
  repeat 
    Dstr:=''; 
    while (not done) and (not (p^[J] in [$20,$0D,$0A])) do 
begin  { end of number } 
      Dstr:=Dstr+char(p^[J]); 
      Inc(J); if J>Size then Done:=True; 
    end; 
    val(Dstr,Sig[I],Code); 
    while (not done) and (p^[J] in [$20,$0D,$0A]) do begin { 
pass EOL, to start of number } 
      Inc(J); if J>Size then Done:=True; 
    end; 
    I:=I+1; 
  until Done; 
  SizeS1:=I-2; 
  Ymax:=-1e6; Ymin:=1e6; 
  for I:=0 to SizeS1 do begin 
    if Sig[I]>Ymax then Ymax:=Sig[I]; 
    if Sig[I]<Ymin then Ymin:=Sig[I] 
  end; 
  PrMin:=Ymin; PrMax:=Ymax; 
  Dstr:=StringGrid1.Cells[1,2]; 
  TitleLabel :=StringGrid1.Cells[2,1]; 
  val(Dstr,SampleRate,Code); 
  Dt:=1/SampleRate; 
    TitleLabel :=StringGrid1.Cells[2,1]; 
  str(SizeS1+1,sizest); 
  StringGrid1.Cells[1,4]:=SizeSt; 
  for I:=0 to SizeS1 do 







    Sig[I]:=Sig[I]+(Random-0.5)*Ymax/131072; 
  Y:=Log2(SizeS1+1); 
  M:=Trunc(Y); 
  if Y-M>0.025 then M:=M+1; 
  SizeS1New:=Round(Exp(M*Ln(2)))-1; 
  for I:=SizeS1+1 to SizeS1New do Sig[I]:=0; 
  SizeS1:=SizeS1New; 
  FreeMem(ByteBuffer,Size); 
  Jb:=0; Je:=SizeS1; 
  Tb:=0; 
  Te:=Dt*SizeS1; 
end; 
 
 
 
procedure TForm1.PressureTimePlot; 
var 
  NewRect : TRect; 
  I,J,K : integer; 
  Ymx,Ymn : single; 
begin 
  PressureTimePlot1:=True; 
  UpDown:=-1; 
{  Yoffset:=Round(GraphHeight*(1-UpDown)*0.5);} 
  GraphHeight:=Round(0.5*Form1.ClientHeight); 
  GraphWidth:=Form1.ClientWidth; 
  Yoffset:=GraphHeight; 
  Xmin:=Tb*1e3; Xmax:=Te*1e3; Xstep:=StepSize((Xmax-
Xmin)/50); Nx:=5; 
{FIXED SCALE} 
  {PrMax:=59000; PrMin:=-15000;} 
{  PrMax:=74500; PrMin:=-21000;} 
{  PrMax:=40000; PrMin:=-20000;} 
//  PrMax:=4900; Prmin:=-3900; 
  Ymin:=PrMin*1e-3;Ymax:=PrMax*1e-3; 
  Ystep:=StepSize((Ymax-Ymin)/30);  Ny:=5; 
  HorizLabel:='TIME IN MILLISECONDS'; 
  Vertlabel:='PRESSURE IN KILOPASCALS'; 
{ 
  MemDelay:=9.0e-3; 
  MemDelay:=-50e-3; 
  MemTimeConst:=11.0e-3; 
} 
  Est_MemDelay:=Est+MemDelay1; 
  Kr:=Trunc(Est_MemDelay/Dt); { sample just before onset of 
wave } 
  if Kr>0 then 
    Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
  else 
    Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
  Ex1:=Ex0; 







  Ex2:=Exp(-Dt/MemTimeConst); 
  with Canvas do begin 
    if PlotNew then begin 
      Brush.Style:=bsSolid; 
      Brush.Color:=clWhite; 
      
NewRect:=Rect(0,Yoffset,GraphWidth,Yoffset+GraphHeight); 
      FillRect(NewRect); 
      XlabelHeight:=Trunc(0.13*GraphHeight); {0.09} 
      YlabelWidth:=Trunc(0.07*GraphWidth); {0.05,  0.04} 
      PlotWidth:=GraphWidth-1-YlabelWidth; 
      PlotHeight:=GraphHeight-XlabelHeight; 
      Sx:=PlotWidth/(Xmax-Xmin); 
      Sy:=PlotHeight/(Ymin-Ymax); 
      Pen.Color:=clPurple; 
      Xx:=Xmin; Yy:=0;  scale; MoveTo(Xin,Yin); 
      Xx:=Xmax; Yy:=0;  scale; LineTo(Xin,Yin); 
  { 
      Pen.Color:=RGB(0,170,170); 
      for J:=0 to SizeS1 do begin 
        if J<=Kr then Yy:=0 
        else begin 
          Ex1:=Ex1*Ex2; 
          Yy:=Ymax*(1-Ex1); 
        end; 
        Xx:=Dt*J*1e3; Scale; 
        if J=0 then MoveTo(Xin,Yin) else LineTo(Xin,Yin); 
      end; 
  } 
      Pen.Mode:=pmCopy; 
      if OverlayColor=0 then 
        Pen.Color:=clWhite 
      else 
        Pen.Color:=clBlue; 
//      Pen.Color:=RGB(0,0,200); 
    end 
    else begin 
      XlabelHeight:=Trunc(0.13*GraphHeight); {0.09} 
      YlabelWidth:=Trunc(0.07*GraphWidth); {0.05,  0.04} 
      PlotWidth:=GraphWidth-1-YlabelWidth; 
      PlotHeight:=GraphHeight-XlabelHeight; 
      Sx:=PlotWidth/(Xmax-Xmin); 
      Sy:=PlotHeight/(Ymin-Ymax); 
 
      Xmin:=X1min; Xmax:=X1max; 
      Ymax:=Y1max; Ymin:=Y1min; Sx:=S1x; Sy:=S1y; 
Yoffset:=Y1offset; 
      case OverlayColor of 
        1:begin Pen.Color:=clRed; Pen.width:=1 end; 
        2:Pen.Color:=clGreen{clGreen}; 
        3:Pen.Color:=clFuchsia; 







        4:Pen.Color:=clAqua; 
        5:Pen.Color:=clGreen; 
      else 
          Pen.Color:=clMaroon; 
      end; 
      Inc(OverlayColor); 
    end; 
    SamplesPerPixel:=Trunc(SizeS1/PlotWidth); 
    if SamplesPerPixel<1 then SamplesPerPixel:=1; 
    PixelsPlotted:=Trunc(SizeS1/SamplesPerPixel); 
    if SamplesPerPixel<100 then begin 
      for I:=0 to SizeS1 do begin 
        Xx:=(Tb+I*Dt)*1e3; Yy:=Sig[I]*1e-3; scale; 
        if I=0 then MoveTo(Xin,Yin) else LineTo(Xin,Yin); 
      end; 
    end else begin 
      for I:=0 to PixelsPlotted-1 do begin 
        Ymx:=-1e6; Ymn:=1e6; 
        for J:=0 to SamplesPerPixel-1 do begin 
          K:=J+I*SamplesPerPixel; 
          if Sig[K]>Ymx then Ymx:=Sig[K]; 
          if Sig[K]<Ymn then Ymn:=Sig[K]; 
        end; 
        Xx:=(Tb+K*Dt)*1e3; 
        Yy:=Ymx*1e-3; scale; MoveTo(Xin,Yin); 
        Yy:=Ymn*1e-3; scale; LineTo(Xin,Yin); 
      end; 
      for K:=SamplesPerPixel*PixelsPlotted to SizeS1 do begin 
        Xx:=(Tb+K*Dt)*1e3; Yy:=Sig[K]*1e-3; scale 
      end 
    end; 
    Xtick:=Round(0.1*1.5*0.33*0.13*PlotWidth); 
    Ytick:=Round(0.1*1.5*0.13*PlotHeight); 
    Font.Color:=clBlack; 
    Font.Name:='Arial'; 
    Fsize1:=Round(8*Form1.ClientHeight/{768}600); 
    Fsize2:=Round(8*Form1.ClientWidth/{1024}800); 
    if Fsize1<Fsize2 then Font.Size:=Fsize1 else 
Font.Size:=Fsize2; 
    Font.Style:=[fsBold]; 
    if PlotNew then PlotLinearAxes; 
    X1min:=Xmin; 
    X1max:=SizeS1;{???} 
    X1max:=Xmax;{???} 
    Y1max:=Ymax; Y1min:=Ymin; S1x:=Sx; S1y:=Sy; 
Y1offset:=Yoffset; 
    Y1labelWidth:=YlabelWidth; 
  end; 
//  PressureTimePlot1:=False; 
  if OverlayColor=0 then 
    with Canvas do begin 
      Pen.Color:=clPurple; 







      Xx:=Xmin; Yy:=0;  scale; MoveTo(Xin,Yin); 
      Xx:=Xmax; Yy:=0;  scale; LineTo(Xin,Yin); 
      Pen.Width:=1; 
    end; 
end; 
 
procedure TForm1.PressureTimePlot2; 
var 
  NewRect : TRect; 
  I,J,K : integer; 
  Ymx,Ymn : single; 
begin 
  UpDown:=-1; 
  Yoffset:=Round(GraphHeight*(1-UpDown)*0.5); 
  GraphHeight:=Round(0.5*Form1.ClientHeight); 
  GraphWidth:=Form1.ClientWidth; 
  Est_MemDelay:=Est+MemDelay1; 
  Kr:=Trunc(Est_MemDelay/Dt); { sample just before onset of 
wave } 
  if Kr>0 then 
    Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
  else 
    Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
  Ex1:=Ex0; 
  Ex2:=Exp(-Dt/MemTimeConst); 
  with Canvas do begin 
    Brush.Style:=bsSolid; 
    Brush.Color:=clWhite; 
    
NewRect:=Rect(0,Yoffset,GraphWidth,Yoffset+GraphHeight); 
    FillRect(NewRect); 
    XlabelHeight:=Trunc(0.13*GraphHeight); {0.09} 
    YlabelWidth:=Trunc(0.07*GraphWidth); {0.05,  0.04} 
    Y2labelWidth:=Trunc(0.05*GraphWidth); {0.05,  0.04} 
    PlotWidth:=GraphWidth-1-YlabelWidth-Y2labelWidth; 
    PlotHeight:=GraphHeight-XlabelHeight; 
    X1min:=Tb*1e3; X1max:=Te*1e3; Xstep:=StepSize((X1max-
X1min)/50); Nx:=5; 
    S1x:=PlotWidth/(X1max-X1min); 
    HorizLabel:='TIME IN MILLISECONDS'; 
    Y1max:=PrMax*1e-3; Y1min:=PrMin*1e-3; 
Ystep:=StepSize((Y1max-Y1min)/30); Ny:=5; 
    S1y:=PlotHeight/(Y1min-Y1max); 
    VertLabel:='PRESSURE IN KILOPASCALS'; 
    X3min:=X1min; X3max:=X1max; 
    S3x:=PlotWidth/(X3max-X3min); 
    Y3min:=Hmin;  Y3max:=Hmax; 
    S3y:=PlotHeight/(Y3min-Y3max); 
    Vertlabel3:='AUDITORY HAZARD UNITS (A.H.U.)'; 
    Y3offset:=Yoffset; 
    Pen.Color:=clPurple; 







    Xx:=X1min; Yy:=0;  scale1; MoveTo(Xin,Yin); 
    Xx:=X1max; Yy:=0;  scale1; LineTo(Xin,Yin); 
    Pen.Mode:=pmCopy; 
    Pen.Color:=clBlue; 
    Pen.Color:=RGB(0,0,200); 
    SamplesPerPixel:=Trunc(SizeS1/PlotWidth); 
    if SamplesPerPixel<1 then SamplesPerPixel:=1; 
    PixelsPlotted:=Trunc(SizeS1/SamplesPerPixel); 
    if SamplesPerPixel<100 then begin 
      for I:=0 to SizeS1 do begin 
        Xx:=(Tb+I*Dt)*1e3;  Yy:=Sig[I]*1e-3; scale1; 
        if I=0 then MoveTo(Xin,Yin) else LineTo(Xin,Yin); 
      end 
    end else begin 
      for I:=0 to PixelsPlotted-1 do begin 
        Ymx:=-1e6; Ymn:=1e6; 
        for J:=0 to SamplesPerPixel-1 do begin 
          K:=J+I*SamplesPerPixel-1; 
          if Sig[K]>Ymx then Ymx:=Sig[K]; 
          if Sig[K]<Ymn then Ymn:=Sig[K] 
        end; 
        Xx:=(Tb+K*Dt)*1e3; 
        Yy:=Ymx*1e-3; scale1; MoveTo(Xin,Yin); 
        Yy:=Ymn*1e-3; scale1; LineTo(Xin,Yin); 
        for K:=SamplesPerPixel*PixelsPlotted to SizeS1 do 
begin 
          Xx:=(Tb+K*Dt)*1e3; Yy:=Sig[K]*1e-3; scale; 
        end   
      end 
    end; 
    Xtick:=Round(0.1*1.5*0.33*0.13*PlotWidth); 
    Ytick:=Round(0.1*1.5*0.13*PlotHeight); 
    Font.Color:=clBlack; 
    Font.Name:='Arial'; 
    Fsize1:=Round(8*Form1.ClientHeight/{768}600); 
    Fsize2:=Round(8*Form1.ClientWidth/{1024}800); 
    if Fsize1<Fsize2 then Font.Size:=Fsize1 else 
Font.Size:=Fsize2; 
    Font.Style:=[fsBold]; 
    PlotLinearAxes3; 
  end; 
end; 
 
procedure TForm1.PlotStDispTime; 
var 
  NewRect : TRect; 
  I,Fsize1,Fsize2 : integer; 
begin 
  UpDown:=1; 
  Yoffset:=Round(GraphHeight*(1-UpDown)*0.5); 







  Xmin:=0; Xmax:=Dt*SizeS1*1e3; Xstep:=StepSize((Xmax-
Xmin)/50); Nx:=5; 
  Horizlabel:='TIME IN MILLISECONDS'; 
  TitleLabel:=''; 
{  Ymax:=15; Ymin:=-15;} 
  Ymax:=StMax; Ymin:=StMin; 
  Ystep:=StepSize((Ymax-Ymin)/30); Ny:=5; 
  Vertlabel:='STAPES DISPLACEMENT IN MICRONS'; 
  with Canvas do begin 
    Brush.Style:=bsSolid; 
    Brush.Color:=clWhite; 
    
NewRect:=Rect(0,Yoffset,GraphWidth,Yoffset+GraphHeight); 
    FillRect(NewRect); 
    XlabelHeight:=Trunc(0.13*GraphHeight); {0.09} 
    YlabelWidth:=Trunc(0.07*GraphWidth); 
    PlotWidth:=GraphWidth-1-YlabelWidth; 
    PlotHeight:=GraphHeight-XlabelHeight; 
    Sx:=PlotWidth/(Xmax-Xmin); 
    Sy:=PlotHeight/(Ymin-Ymax); 
    Pen.Color:=clPurple; 
    Xx:=Xmin; Yy:=0; scale; MoveTo(Xin,Yin); 
    Xx:=Xmax; Yy:=0; scale; LineTo(Xin,Yin); 
    Pen.Color:=clWhite; 
    Xtick:=Round(1.5*0.33*0.013*PlotWidth); 
    Ytick:=Round(1.5*0.013*PlotHeight); 
    Font.Color:=clBlack; 
    Font.Name:='Arial';  {Arial Black,Arial Narrow, Wide 
Latin'Arial','Times Roman';} 
    Fsize1:=Round(8*ClientHeight/{768}600); 
    Fsize2:=Round(8*ClientWidth/{1024}800); 
    if Fsize1<Fsize2 then Font.Size:=Fsize1 else 
Font.Size:=Fsize2; 
    Font.Style:=[fsBold]; 
    PlotLinearAxes; 
    Y2max:=Ymax; Y2min:=Ymin; S2x:=Sx; S2y:=Sy; 
Y2offset:=Yoffset; 
    Pen.Color:=clBlue; 
    Pen.Color:=RGB(0,0,200); 
    for I:=0 to SizeS1 do begin 
      Xx:=(Tb+I*Dt)*1e3; Yy:=Sig1[I]; scale; 
      if I=0 then MoveTo(Xin,Yin) else LineTo(Xin,Yin); 
    end; 
  end; 
end; 
 
procedure TForm1.PlotBMDispSpace; 
var 
  NewRect : TRect; 
  Fsize1,Fsize2 : integer; 
begin 







  UpDown:=1; 
  Yoffset:=Round(GraphHeight*(1-UpDown)*0.5); 
  Xmin:=XbmFrom; Xmax:=XbmTo; Xstep:=StepSize((Xmax-
Xmin)/25); Nx:=5; 
  Horizlabel:='DISTANCE FROM STAPES IN CM'; 
  TitleLabel:=''; 
  Ymax:=BmdMax; Ymin:=BmdMin; 
  Ystep:=StepSize((Ymax-Ymin)/30); Ny:=5; 
  Vertlabel:='BM DISPLACEMENT IN MICRONS'; 
  Vertlabel3:='AUDITORY HAZARD UNITS (A.D.U)'; 
  with Canvas do begin 
    Brush.Style:=bsSolid; 
    Brush.Color:=clWhite; 
    
NewRect:=Rect(0,Yoffset,GraphWidth,Yoffset+GraphHeight); 
    FillRect(NewRect); 
    XlabelHeight:=Trunc(0.13*GraphHeight); {0.09} 
    YlabelWidth:=Trunc(0.07*GraphWidth); {0.05,  0.04} 
    Y2labelWidth:=Trunc(0.05*GraphWidth); 
    PlotWidth:=GraphWidth-1-YlabelWidth-Y2labelWidth; 
    PlotHeight:=GraphHeight-XlabelHeight; 
    Sx:=PlotWidth/(Xmax-Xmin); 
    Sy:=PlotHeight/(Ymin-Ymax); 
    X2min:=Xmin; X2max:=Xmax;        S2x:=PlotWidth/(X2max-
X2min); 
{    Hmin:=0;     Hmax:=500{450};{MaxHazard} 
    Y2min:=Hmin;    Y2max:=Hmax;   S2y:=PlotHeight/(Y2min-
Y2max); 
    Y2Offset:=Yoffset; 
    Pen.Color:=clPurple; 
    Xx:=Xmin; Yy:=0; scale; MoveTo(Xin,Yin); 
    Xx:=Xmax; Yy:=0; scale; LineTo(Xin,Yin); 
    Pen.Color:=clWhite; 
    Xtick:=Round(1.5*0.33*0.013*PlotWidth); 
    Ytick:=Round(1.5*0.013*PlotHeight); 
    Font.Color:=clBlack;{clSilver} 
    Font.Name:='Arial';  {Arial Black,Arial Narrow, Wide 
Latin'Arial','Times Roman';} 
    Fsize1:=Round(8*ClientHeight/{768}600); 
    Fsize2:=Round(8*ClientWidth/{1024}800); 
    if Fsize1<Fsize2 then Font.Size:=Fsize1 else 
Font.Size:=Fsize2; 
    Font.Style:=[fsBold]; 
    PlotLinearAxes2; 
  end; 
end; 
 
procedure ReadValues(Filename : String); 
var 
  F : TEXT; 
begin 







  Assign(F,FileName); 
  Reset(F); 
  ReadLn(F,Alphar); 
  ReadLn(F,Alphai); 
  ReadLn(F,Betar); 
  ReadLn(F,Betai); 
  ReadLn(F,Rdf); 
  ReadLn(F,Ldf); 
  ReadLn(F,L1); 
  ReadLn(F,L2); 
  ReadLn(F,S1); 
  ReadLn(F,S2); 
  ReadLn(F,Lh); 
  ReadLn(F,Cb); 
  ReadLn(F,Rh); 
  ReadLn(F,Cm); 
  ReadLn(F,Lds); 
  ReadLn(F,Rds); 
  ReadLn(F,Cds); 
  ReadLn(F,Ldm); 
  ReadLn(F,Cdc); 
  ReadLn(F,Rdc); 
  ReadLn(F,Nt); 
  ReadLn(F,Rmi); 
  ReadLn(F,Cmi); 
  ReadLn(F,Li); 
  ReadLn(F,Ris); 
  ReadLn(F,Cis); 
  ReadLn(F,Ls); 
  ReadLn(F,Lv); 
  ReadLn(F,Lo); 
  ReadLn(F,Ral); 
  ReadLn(F,Rc); 
  ReadLn(F,Ro); 
  ReadLn(F,Cal); 
  ReadLn(F,Crw); 
  ReadLn(F,Astapes); 
  ReadLn(F,Lgap); 
  ReadLn(F,Eo); 
  ReadLn(F,Eb); 
  ReadLn(F,Ramp); 
  ReadLn(F,So); 
  ReadLn(F,Mo); 
  ReadLn(F,Rvo); 
  ReadLn(F,Bo); 
  ReadLn(F,Ao); 
  ReadLn(F,Fo); 
  ReadLn(F,Delo); 
  ReadLn(F,D1); 
  ReadLn(F,D2); 
  ReadLn(F,D3); 
  ReadLn(F,D4); 







  ReadLn(F,D5); 
  ReadLn(F,Dc); 
  ReadLn(F,Nw); 
  ReadLn(F,Ca); 
  ReadLn(F,Bcoef); 
  ReadLn(F,XbApex); 
  ReadLn(F,XbmFrom); 
  ReadLn(F,XbmTo); 
  ReadLn(F,XbmNo); 
  ReadLn(F,SweightBase); 
  ReadLn(F,SweightApex); 
  ReadLn(F,DamageThreshold); 
  ReadLn(F,MemDelay); 
  ReadLn(F,MemTimeConst); 
  ReadLn(F,MemMagK); 
  ReadLn(F,MemMagR); 
  ReadLn(F,AdaptFactor); 
  ReadLn(F,CochlearGainFactor); 
  ReadLn(F,WkbScalaBMWidthDecay); 
  ReadLn(F,CochlearModelType); 
  ReadLn(F,MakeXfrFile); 
  ReadLn(F,PrintHazTable); 
  ReadLn(F,SaveBMD); 
  ReadLn(F,SaveSTD); 
  ReadLn(F,MultiGraph); 
  ReadLn(F,Earplug); 
  ReadLn(F,HeadPhone); 
  ReadLn(F,HornExtEar); 
  ReadLn(F,Tm3Piston); 
  ReadLn(F,TerminateCochlea); 
  ReadLn(F,Kcush); 
  ReadLn(F,Rcush); 
  ReadLn(F,Kskin); 
  ReadLn(F,Rskin); 
  ReadLn(F,Lleak); 
  ReadLn(F,Rleak); 
  ReadLn(F,Lcup); 
  ReadLn(F,Ccup); 
  ReadLn(F,Rmat); 
  ReadLn(F,Lmat); 
  ReadLn(F,Kmat); 
  Close(F); 
  MemMagK:=MemMagK+0.001; 
  MemMagR:=MemMagR+0.001; 
  C:=3.52e4; { cm/sec speed of sound } 
  Rho:=1.15e-3; { g/cm^3 density of air } 
  RhoC:=Rho*C; 
  RhoC2:=RhoC*C; 
  Nt2:=Nt*Nt; 
  Kal3:=(1/Cal)/Nt2; 
  Krw1:=(1/Crw)/Nt2; 
  Kalrw1:=(Cal+Crw)/(Cal*Crw*Nt2); 







  Kmi1:=1/(Cmi*Nt2); 
  Kis1:=1/(Cis*Nt2); 
  Kdc :=1/Cdc; 
  Kds :=1/Cds; 
  Kb  :=1/Cb; 
  Km  :=1/Cm; 
  Rmi1:=Rmi/Nt2; 
  Ris1:=Ris/Nt2; 
  Ral1:=Ral/Nt2; 
  Rc1:=Rc/Nt2; 
  Ro1:=Ro/Nt2; 
  Lsv1:=(Ls+Lv)/Nt2; 
  Li1:=Li/Nt2; 
  Lo1:=Lo/Nt2; 
  OLsv1:=1/Lsv1; 
  OLi1:=1/Li1; 
  OLo1:=1/Lo1; 
  OLh:=1/Lh; 
  Oldf:=1/Ldf; 
  Ordf:=1/Rdf; 
  Oldc:=1/Ldm; 
  Olds:=1/Lds; 
  Kcush:=1/Kcush; 
  Kskin:=1/Kskin; 
  Kcup:=1/Ccup; 
  Olleak:=1/lleak; 
  Olcup:=1/Lcup; 
  Kmat:=1/Kmat; 
  Orskincush:=1/(Rskin+Rcush); 
  Kskincush:=Kskin+Kcush; 
end; 
 
procedure ModelValues; 
VAR 
  V,M,Ex1,Ex2,DeltaL,X1,X2 : single; 
  I,Ns : integer; 
  Le : array[1..17] of single; { assume Ns=16 } 
begin 
  MemMagK1:=MemMagK-1; 
  MemMagR1:=MemMagR-1; 
  Pstatic:=-7.5*0; { cm H2O pressure in middle ear } 
  Cm3ToMicrons:= 1e4/Astapes;      {convert cm3 TO microns} 
  Cm3ToXmicrons:=1e4/(Nt*Astapes); {convert cm3 TO 
transformed microns} 
  DynesCm2ToKpa:=Nt*1e-4; 
  Ln10:=Ln(10); 
  Ln10_10:=Ln10/10; 
  Ln10_20:=Ln10/20; 
  Pi2:=2*Pi; 
(* 







  Shead:=Pi*Sqr(Rhead);  { area OF side OF head confronting 
wave } 
  Ldf:=0.5*Rho/(Pi*Rhead); { midway FOR piston in unflanged 
tube and infinite baffle} 
  Rdf:=RhoC/Shead; 
  Rpl:=RhoC/S1;           { Bauer: hole in larger device } 
  Lpl:=0.85*Rho/Sqrt(Pi*S1); 
*) 
(* 
  Ldf:=0.111E-3; 
  Rdf:=4.73; 
  Lpl:=0.245E-3; 
  Rpl:=7.99; 
*) 
  Rpl:=2*RhoC/S2; 
  Lpl:=3*0.85*Rho/Sqrt(Pi*S2); 
 
  OLpl:=1/Lpl; 
  ORpl:=1/Rpl; 
 
  Ns:=16;  { number of sections in cylinder L1, and horn L2 
} 
  DeltaL:=(L1+L2)/Ns; 
  M:=Ln(S2/S1)/L2; 
  X2:=0; 
  for I:=1 to Ns do begin 
    X1:=X2; 
    X2:=X1+DeltaL; 
    if X2>L1 then begin 
      Ex2:=Exp(M*(X2-L1)); 
      if X1>L1 then begin { totally within horn } 
        Ex1:=Exp(M*(X1-L1)); 
        V:=S1*(Ex2-Ex1)/M;  { volume of horn section from X1 
to X2 } 
        Ke[I]:=RhoC2/V;     { effective cross section area = 
V / DeltaL } 
        Le[I]:=Rho*Sqr(DeltaL)/V; 
      end 
      else begin     { straddle horn-cylinder boundary } 
        V:=S1*(L1-X1)+S1*(Ex2-1)/M; { volume of element } 
        Ke[I]:=RhoC2/V; 
        Le[I]:=Rho*Sqr(DeltaL)/V  {Rho*V/Sqr(S1)} 
     end 
    end 
    else begin  { totally within cylinder } 
      V:=S1*DeltaL; 
      Ke[I]:=RhoC2/V; 
      Le[I]:=Rho*Sqr(DeltaL)/V  {Rho*V/Sqr(S1)} 
    end; 
  end; 







  Ole[1]:=2/Le[1];  Ole[Ns+1]:=2/Le[Ns];   { split mass 
elements for T-sections } 
  for I:=2 to Ns do Ole[I]:=2/(Le[I]+Le[I-1]); 
  LdsLdm:=Lds+Ldm; 
  LdsLe1:=Lds+Le[1]/2; 
  Ldet:=LdsLdm*LdsLe1-Lds*Lds; 
  LdsLdm:=LdsLdm/Ldet; {Reuse variables TO avoid division by 
Ldet} 
  LdsLe1:=LdsLe1/Ldet; 
  Ldet:=Lds/Ldet; 
  Mu:=0.172;  {cm^2/sec kinematic coef. OF viscosity} 
  Kal3:=(1/Cal)/Nt2; 
  Ral3:=Ral/Nt2; 
  BetaAlphar:=Betar-Alphar; 
end; { ModelValues } 
 
function etan(x:extended):extended; assembler; 
{ if x < pi.2^62, then C2 is set to 0 and ST = 1 and 
ST(1)=tan(x) else C2 
  is set to 1 and ST = x } 
asm                  { ST(0)   ST(1)  } 
  FLD TBYTE PTR [x]  {   x       -    } 
  FPTAN              {   1     tan(x) } 
  FSTP ST(0)         { tan(x)    -    }  { discard 1, return 
tan on stack } 
end; 
 
procedure polar2(x, y : double;var r,t :double); assembler; 
asm                      { ST(0)   ST(1)    ST(2)   ST(3)} 
  FLD QWORD PTR [y]      {  y                            } 
  FLD ST(0)              {  y         y                  } 
  FMUL ST(1),ST          {  y        y.y                 } 
  FLD QWORD PTR [x]      {  x         y      y.y         } 
  FLD ST(0)              {  x         x       y      y.y } 
  FMUL ST(0),ST          { x.x        x       y      y.y } 
  FADDP ST(3),ST         {  x         y    x.x+y.y       } 
  FPATAN                 {atan(y/x) x.x+y.y              } 
  FSTP QWORD PTR [t]     {x.x+y.y                        } { 
32-bit asm} 
  FSQRT                  {   r                           } 
  FSTP QWORD PTR [r]     {                               } 
end; 
 
procedure dsincos(x:double;var cosinus,sinus:double); 
assembler; 
 
asm                      { ST(0)   ST(1)  } 
  FLD QWORD PTR [x]      {  x             } 
  FSINCOS                {cos(x)   sin(x) } 
  FSTP QWORD [cosinus]   {sin(x)          } 
  FSTP QWORD [sinus]     {                } 







end; 
 
 
procedure Deriv; 
var 
  Kk : integer; 
begin 
  VTemp[1]:=(I[2]-I[1])*Rc1; 
  VTemp[2]:=(I[3]-I[2])*Ris1+(Q[3]-Q[2])*Kis1; 
  VTemp[3]:=(I[4]-I[3])*Rmi1+(Q[4]-Q[3])*Kmi1; 
  VTemp[4]:=(I[6]-I[4])*Rds +(Q[6]-Q[4])*Kds; 
  VTemp[5]:=(Q[6]-Q[5])*Km; 
  VTemp[6]:=(Q[7]-Q[6])*Ke[1]; 
  D1i[1]:=(VTemp[1]-I[1]*Ro1)*OLo1; 
  E:=Eo1*Sqrt(1+Sqr(Q[2]*OLgap1))-1; { Epsilon } 
  Eb2:=E*Eb1; 
  IF Eb2>=Ecrit THEN Eb2:=Ecrit; 
  Kamp:=Kconst*etan(Eb2)/(1+E); 
  Kal2:=Kal3*Gk*Kamp; 
  Ral2:=Ral3*Gr*(Ramp*Kamp-Ramp1); 
  D1i[2]:=(VTemp[2]-VTemp[1]-(Kal2+Krw1)*Q[2]-
Ral2*I[2])*OLsv1; 
  D1i[3]:=(VTemp[3]-VTemp[2])*OLi1; 
  VTemp[3]:=VTemp[3]-VTemp[4]+Rdc*I[4]+Q[4]*Kdc;   { 
temporary storage } 
  VTemp[4]:=VTemp[6]-VTemp[4]-VTemp[5]; 
  D1i[4]:=  Ldet*VTemp[4]-LdsLe1*VTemp[3]; 
  D1i[6]:=LdsLdm*VTemp[4]  -Ldet*VTemp[3]; 
  D1i[5]:=(VTemp[5]-I[5]*Rh-Q[5]*Kb)*OLh; 
  for Kk:=7 to 21 do begin 
    VTemp[Kk]:=(Q[Kk+1]-Q[Kk])*Ke[Kk-5]; 
    D1i[Kk]:=(VTemp[Kk]-VTemp[Kk-1])*OLe[Kk-5]; 
  end; 
  VTemp[22]:=(I[22]-I[23])*Rpl; 
  VTemp[23]:=(I[24]-I[22])*Rdf; 
  D1i[22]:=(Betar*Pe+VTemp[23]-VTemp[22]-
VTemp[21])*OLe[17]; 
  D1i[23]:=VTemp[22]*OLpl; 
  D1i[24]:=((Alphar-Betar)*Pe-VTemp[23])*OLdf; 
end;  { Deriv } 
 
procedure RungeKutta1; 
var 
  H,Hh,H6,Ddn,Gkdn,Grdn,Jjp5 : double; 
  J,Jj,Jj1 : integer; 
{VAR T,P2,P3 : single;} 
begin 
  H:=Dt/Nj; 
  Hh:=0.5*H; 
  H6:=H/6; 
  Ddn:=(Data2-Data1)/Nj; 







  Gkdn:=(Gk2-Gk1)/Nj; 
  Grdn:=(Gr2-Gr1)/Nj; 
  FOR J:=1 TO LoopNumber DO begin Qo[J]:=Qoo[J]; 
Io[J]:=Ioo[J] end; 
  FOR Jj:=1 TO Nj DO begin 
    Jj1:=Jj-1; 
    Jjp5:=Jj-0.5; 
    FOR J:=1 TO LoopNumber DO begin Q[J]:=Qo[J]; I[J]:=Io[J] 
end; 
    Pe:=Data1+Ddn*Jj1;    {Pe(To)} 
    Gk:=Gk1+Gkdn*Jj1;     { G(To)} 
    Gr:=Gr1+Grdn*Jj1;     { G(To)} 
    Deriv; { get dI/dt's at starting point  } 
    FOR J:=1 TO LoopNumber DO begin 
      DiDt[J]:=D1i[J]; {save deriv's} 
      DqDt[J]:=I[J]; 
      Q[J]:=Qo[J]+Hh*I[J]; 
      I[J]:=Io[J]+Hh*D1i[J] 
    end; 
    Pe:=Data1+Ddn*Jjp5; {Pe(To+Hh)} 
    Gk:=Gk1+Gkdn*Jjp5;  { G(To+Hh)} 
    Gr:=Gr1+Grdn*Jjp5;  { G(To+Hh)} 
    Deriv; 
    FOR J:=1 TO LoopNumber DO begin 
      Dit[J]:=D1i[J]; 
      Dqt[J]:=I[J]; 
      Q[J]:=Qo[J]+Hh*I[J]; 
      I[J]:=Io[J]+Hh*D1i[J] 
    end; 
    Deriv;   { second guess at midpoint deriv } 
    FOR J:=1 TO LoopNumber DO begin 
      Dit[J]:=Dit[J]+D1i[J]; 
      Dqt[J]:=Dqt[J]+I[J]; 
      Q[J]:=Qo[J]+H*I[J]; 
      I[J]:=Io[J]+H*D1i[J] 
    end; 
    Pe:=Data1+Ddn*Jj; {Pe(To+H)} 
    Gk:=Gk1+Gkdn*Jj;  { G(To+H2)} 
    Gr:=Gr1+Grdn*Jj;  { G(To+H2)} 
    Deriv;  {dI/dt's  at next point} 
    FOR J:=1 TO LoopNumber DO begin 
      Qo[J]:=Qo[J]+H6*(DqDt[J]+2*Dqt[J]+I[J]); {result at 
t+h} 
      Io[J]:=Io[J]+H6*(DiDt[J]+2*Dit[J]+D1i[J]) 
    end 
  end 
end;   { RungeKutta1 } 
 
procedure TForm1.TimeDomainModel1; 
var 
  J,Kk:integer; 







begin 
  Pio2:=Pi/2; Pi2:=2*Pi; 
  Ecrit:=Pio2*(1-3e-4); {2}{  Ecrit:=Pi2*(1-1e-18);} 
  FOR J:=1 TO LoopNumber DO begin Io[J]:=0; Qo[J]:=0 end; 
  Pscale:=10*Magnify;  {  Pa TO 10(dyne/cm2) } 
  FOR Kk:=1 TO LoopNumber DO Qo[Kk]:=0; 
  Lgap1:=Lgap/Cm3ToXmicrons; 
  OLgap1:=1/Lgap1; 
  Ramp1:=Ramp-1; 
  Eo1:=1+Eo; 
  Eb1:=1/(2*Eb/Pi); 
  Eb2:=Eo*Eb1; 
  Kconst:=Eo1/etan(Eb2); 
  Xb:=Lgap*Sqrt(Sqr((1+Eb)/(1+Eo))-1); 
  Njmin:=1; 
  Gk1:=1; Gk2:=1; Gr1:=1; Gr2:=1; 
  Ex1:=Ex0; 
  Nj:=Njmin; 
  Nj:=256; 
  K:=0; 
  Data1:=0*Sig[K]*Pscale; 
  Canvas.Pen.Color:=clBlue; 
  Sig1[K]:=Qo[2]*Cm3ToXmicrons; 
{  Xx:=K*Dt*1e3; Yy:=Sig1[K]; scale; Canvas.MoveTo(Xin,Yin);} 
  ProgSize:=Round(SizeS1/23); 
  REPEAT 
    Inc(K); 
    Data2:=Pscale*Sig[K]; 
    if Kr<0 then begin Gk2:=MemMagK; Gr2:=MemMagR end 
    else if K<=Kr then begin Gk2:=1; Gr2:=1 end 
    else begin 
      Ex1:=Ex1*Ex2; 
      Gk2:=1+MemMagK1*(1-Ex1); 
      Gr2:=1+MemMagR1*(1-Ex1); 
    end; 
    Nj:=Round(Nj/AdaptFactor); {2.7} 
    IF Nj<Njmin THEN Nj:=Njmin; 
    FOR J:=1 TO LoopNumber DO begin Qoo[J]:=Qo[J]; 
Ioo[J]:=Io[J] end; 
    RungeKutta1; 
    REPEAT 
      for J:=2 to 7 do L[J]:=Io[J]; 
      Nj:=Nj*2; 
      RungeKutta1; 
      ErrMax:=0; 
      for J:=2 to 7 do begin 
        if Io[J]<>0 then Err:=abs(L[J]/Io[J]-1); 
        if Err>ErrMax then ErrMax:=Err; 
      end; 
    UNTIL ErrMax<=ErrTol; 
    Sig1[K]:=Qo[2]*Cm3ToXmicrons; 







 {   Xx:=K*Dt*1e3; Yy:=Sig1[K]; scale; 
Canvas.LineTo(Xin,Yin);} 
    if K mod ProgSize =0 then ProgressBar1.StepIt; 
    Data1:=Data2; 
    Gk1:=Gk2; 
    Gr1:=Gr2; 
  UNTIL K=SizeS1; 
end; {TimeDomainModel1} 
 
procedure Deriv2; 
var 
  Kk : integer; 
begin 
  VTemp[1]:=(I[2]-I[1])*Rc1; 
  VTemp[2]:=(I[3]-I[2])*Ris1+(Q[3]-Q[2])*Kis1; 
  VTemp[3]:=(I[4]-I[3])*Rmi1+(Q[4]-Q[3])*Kmi1; 
  VTemp[4]:=(I[6]-I[4])*Rds +(Q[6]-Q[4])*Kds; 
  VTemp[5]:=(Q[6]-Q[5])*Km; 
  VTemp[6]:=(Q[7]-Q[6])*Ke[1]; 
  D1i[1]:=(VTemp[1]-I[1]*Ro1)*OLo1; 
  E:=Eo1*Sqrt(1+Sqr(Q[2]*OLgap1))-1; { Epsilon } 
  Eb2:=E*Eb1; 
  IF Eb2>=Ecrit THEN Eb2:=Ecrit; 
  Kamp:=Kconst*etan(Eb2)/(1+E); 
  Kal2:=Kal3*Gk*Kamp; 
  Ral2:=Ral3*Gr*(Ramp*Kamp-Ramp1); 
  D1i[2]:=(VTemp[2]-VTemp[1]-(Kal2+Krw1)*Q[2]-
Ral2*I[2])*OLsv1; 
  D1i[3]:=(VTemp[3]-VTemp[2])*OLi1; 
  VTemp[3]:=VTemp[3]-VTemp[4]+Rdc*I[4]+Q[4]*Kdc;   { 
temporary storage } 
  VTemp[4]:=VTemp[6]-VTemp[4]-VTemp[5]; 
  D1i[4]:=  Ldet*VTemp[4]-LdsLe1*VTemp[3]; 
  D1i[6]:=LdsLdm*VTemp[4]  -Ldet*VTemp[3]; 
  D1i[5]:=(VTemp[5]-I[5]*Rh-Q[5]*Kb)*OLh; 
  for Kk:=7 to 21 do begin 
    VTemp[Kk]:=(Q[Kk+1]-Q[Kk])*Ke[Kk-5]; 
    D1i[Kk]:=(VTemp[Kk]-VTemp[Kk-1])*OLe[Kk-5]; 
  end; 
  VTemp[22]:=(I[22]-I[23])*Rpl; 
  D1i[23]:=VTemp[22]*OLpl; 
  D1i[22]:=(Pe-VTemp[22]-VTemp[21])*OLe[17]; 
end;  { Deriv2 } 
 
procedure RungeKutta2; 
var 
  H,Hh,H6,Ddn,Gkdn,Grdn,Jjp5 : double; 
  J,Jj,Jj1 : integer; 
{VAR T,P2,P3 : single;} 
begin 
  H:=Dt/Nj; 







  Hh:=0.5*H; 
  H6:=H/6; 
  Ddn:=(Data2-Data1)/Nj; 
  Gkdn:=(Gk2-Gk1)/Nj; 
  Grdn:=(Gr2-Gr1)/Nj; 
  FOR J:=1 TO LoopNumber DO begin Qo[J]:=Qoo[J]; 
Io[J]:=Ioo[J] end; 
  FOR Jj:=1 TO Nj DO begin 
    Jj1:=Jj-1; 
    Jjp5:=Jj-0.5; 
    FOR J:=1 TO LoopNumber DO begin Q[J]:=Qo[J]; I[J]:=Io[J] 
end; 
    Pe:=Data1+Ddn*Jj1;    {Pe(To)} 
    Gk:=Gk1+Gkdn*Jj1;     { G(To)} 
    Gr:=Gr1+Grdn*Jj1;     { G(To)} 
    Deriv2; { get dI/dt's at starting point  } 
    FOR J:=1 TO LoopNumber DO begin 
      DiDt[J]:=D1i[J]; {save deriv's} 
      DqDt[J]:=I[J]; 
      Q[J]:=Qo[J]+Hh*I[J]; 
      I[J]:=Io[J]+Hh*D1i[J] 
    end; 
    Pe:=Data1+Ddn*Jjp5; {Pe(To+Hh)} 
    Gk:=Gk1+Gkdn*Jjp5;  { G(To+Hh)} 
    Gr:=Gr1+Grdn*Jjp5;  { G(To+Hh)} 
    Deriv2; 
    FOR J:=1 TO LoopNumber DO begin 
      Dit[J]:=D1i[J]; 
      Dqt[J]:=I[J]; 
      Q[J]:=Qo[J]+Hh*I[J]; 
      I[J]:=Io[J]+Hh*D1i[J] 
    end; 
    Deriv2;   { second guess at midpoint deriv } 
    FOR J:=1 TO LoopNumber DO begin 
      Dit[J]:=Dit[J]+D1i[J]; 
      Dqt[J]:=Dqt[J]+I[J]; 
      Q[J]:=Qo[J]+H*I[J]; 
      I[J]:=Io[J]+H*D1i[J] 
    end; 
    Pe:=Data1+Ddn*Jj; {Pe(To+H)} 
    Gk:=Gk1+Gkdn*Jj;  { G(To+H2)} 
    Gr:=Gr1+Grdn*Jj;  { G(To+H2)} 
    Deriv2;  {dI/dt's  at next point} 
    FOR J:=1 TO LoopNumber DO begin 
      Qo[J]:=Qo[J]+H6*(DqDt[J]+2*Dqt[J]+I[J]); {result at 
t+h} 
      Io[J]:=Io[J]+H6*(DiDt[J]+2*Dit[J]+D1i[J]) 
    end 
  end 
end;  { RungeKutta2 } 
 







procedure TForm1.TimeDomainModel2; 
var 
  J,Kk:integer; 
begin 
  Pio2:=Pi/2; Pi2:=2*Pi; 
  Ecrit:=Pio2*(1-3e-4); {2}{  Ecrit:=Pi2*(1-1e-18);} 
  FOR J:=1 TO LoopNumber DO begin Io[J]:=0; Qo[J]:=0 end; 
  Pscale:=10*Magnify;  {  Pa TO 10(dyne/cm2) } 
  FOR Kk:=1 TO LoopNumber DO Qo[Kk]:=0; 
  Lgap1:=Lgap/Cm3ToXmicrons; 
  OLgap1:=1/Lgap1; 
  Ramp1:=Ramp-1; 
  Eo1:=1+Eo; 
  Eb1:=1/(2*Eb/Pi); 
  Eb2:=Eo*Eb1; 
  Kconst:=Eo1/etan(Eb2); 
  Xb:=Lgap*Sqrt(Sqr((1+Eb)/(1+Eo))-1); 
  Njmin:=1; 
  Gk1:=1; Gk2:=1; Gr1:=1; Gr2:=1; 
  Ex1:=Ex0; 
  Nj:=Njmin; 
  Nj:=256; 
  K:=0; 
  Data1:=0*Sig[K]*Pscale; 
  Canvas.Pen.Color:=clBlue; 
  Sig1[K]:=Qo[2]*Cm3ToXmicrons; 
  ProgSize:=Round(SizeS1/23); 
  REPEAT 
    Inc(K); 
    Data2:=Pscale*Sig[K]; 
    if Kr<0 then begin Gk2:=MemMagK; Gr2:=MemMagR end 
    else if K<=Kr then begin Gk2:=1; Gr2:=1 end 
    else begin 
      Ex1:=Ex1*Ex2; 
      Gk2:=1+MemMagK1*(1-Ex1); 
      Gr2:=1+MemMagR1*(1-Ex1); 
    end; 
    Nj:=Round(Nj/AdaptFactor); {2.7} 
    IF Nj<Njmin THEN Nj:=Njmin; 
    FOR J:=1 TO LoopNumber DO begin Qoo[J]:=Qo[J]; 
Ioo[J]:=Io[J] end; 
    RungeKutta2; 
    REPEAT 
      for J:=2 to 7 do L[J]:=Io[J]; 
      Nj:=Nj*2; 
      RungeKutta2; 
      ErrMax:=0; 
      for J:=2 to 7 do begin 
        if Io[J]<>0 then Err:=abs(L[J]/Io[J]-1); 
        if Err>ErrMax then ErrMax:=Err; 
      end; 
    UNTIL ErrMax<=ErrTol; 







    Sig1[K]:=Qo[2]*Cm3ToXmicrons; 
    if K mod ProgSize =0 then ProgressBar1.StepIt; 
    Data1:=Data2; 
    Gk1:=Gk2; 
    Gr1:=Gr2; 
  UNTIL K=SizeS1; 
end; {TimeDomainModel2} 
 
 
 
procedure Deriv3; 
begin 
  VTemp[1]:=(I[2]-I[1])*Rc1; 
  VTemp[2]:=(I[3]-I[2])*Ris1+(Q[3]-Q[2])*Kis1; 
  VTemp[3]:=(I[4]-I[3])*Rmi1+(Q[4]-Q[3])*Kmi1; 
  VTemp[4]:=(I[6]-I[4])*Rds +(Q[6]-Q[4])*Kds; 
  VTemp[5]:=(Q[6]-Q[5])*Km; 
  E:=Eo1*Sqrt(1+Sqr(Q[2]*OLgap1))-1; { Epsilon } 
  Eb2:=E*Eb1; 
  IF Eb2>=Ecrit THEN Eb2:=Ecrit; 
  Kamp:=Kconst*etan(Eb2)/(1+E); 
  Kal2:=Kal3*Gk*Kamp; 
  Ral2:=Ral3*Gr*(Ramp*Kamp-Ramp1); 
  D1i[2]:=(VTemp[2]-VTemp[1]-(Kal2+Krw1)*Q[2]-
Ral2*I[2])*OLsv1; 
  D1i[1]:=(VTemp[1]-I[1]*Ro1)*OLo1; 
  D1i[3]:=(VTemp[3]-VTemp[2])*OLi1; 
  D1i[4]:=(Pe-VTemp[3]-VTemp[5]-Rdc*I[4]-Q[4]*Kdc)*Oldc; 
  D1i[6]:=D1i[4]+(Pe-VTemp[4]-VTemp[5])*Olds; 
  D1i[5]:=(VTemp[5]-I[5]*Rh-Q[5]*Kb)*OLh; 
end;  { Deriv3 } 
 
 
procedure RungeKutta3; 
var 
  H,Hh,H6,Ddn,Gkdn,Grdn,Jjp5 : double; 
  J,Jj,Jj1 : integer; 
{VAR T,P2,P3 : single;} 
begin 
  H:=Dt/Nj; 
  Hh:=0.5*H; 
  H6:=H/6; 
  Ddn:=(Data2-Data1)/Nj; 
  Gkdn:=(Gk2-Gk1)/Nj; 
  Grdn:=(Gr2-Gr1)/Nj; 
  FOR J:=1 TO LoopNumber DO begin Qo[J]:=Qoo[J]; 
Io[J]:=Ioo[J] end; 
  FOR Jj:=1 TO Nj DO begin 
    Jj1:=Jj-1; 
    Jjp5:=Jj-0.5; 







    FOR J:=1 TO LoopNumber DO begin Q[J]:=Qo[J]; I[J]:=Io[J] 
end; 
    Pe:=Data1+Ddn*Jj1;    {Pe(To)} 
    Gk:=Gk1+Gkdn*Jj1;     { G(To)} 
    Gr:=Gr1+Grdn*Jj1;     { G(To)} 
    Deriv3; { get dI/dt's at starting point  } 
    FOR J:=1 TO LoopNumber DO begin 
      DiDt[J]:=D1i[J]; {save deriv's} 
      DqDt[J]:=I[J]; 
      Q[J]:=Qo[J]+Hh*I[J]; 
      I[J]:=Io[J]+Hh*D1i[J] 
    end; 
    Pe:=Data1+Ddn*Jjp5; {Pe(To+Hh)} 
    Gk:=Gk1+Gkdn*Jjp5;  { G(To+Hh)} 
    Gr:=Gr1+Grdn*Jjp5;  { G(To+Hh)} 
    Deriv3; 
    FOR J:=1 TO LoopNumber DO begin 
      Dit[J]:=D1i[J]; 
      Dqt[J]:=I[J]; 
      Q[J]:=Qo[J]+Hh*I[J]; 
      I[J]:=Io[J]+Hh*D1i[J] 
    end; 
    Deriv3;   { second guess at midpoint deriv } 
    FOR J:=1 TO LoopNumber DO begin 
      Dit[J]:=Dit[J]+D1i[J]; 
      Dqt[J]:=Dqt[J]+I[J]; 
      Q[J]:=Qo[J]+H*I[J]; 
      I[J]:=Io[J]+H*D1i[J] 
    end; 
    Pe:=Data1+Ddn*Jj; {Pe(To+H)} 
    Gk:=Gk1+Gkdn*Jj;  { G(To+H2)} 
    Gr:=Gr1+Grdn*Jj;  { G(To+H2)} 
    Deriv3;  {dI/dt's  at next point} 
    FOR J:=1 TO LoopNumber DO begin 
      Qo[J]:=Qo[J]+H6*(DqDt[J]+2*Dqt[J]+I[J]); {result at 
t+h} 
      Io[J]:=Io[J]+H6*(DiDt[J]+2*Dit[J]+D1i[J]) 
    end 
  end 
end;    { RungeKutta3 } 
 
procedure TForm1.TimeDomainModel3; 
var 
  J,Kk:integer; 
begin 
  Pio2:=Pi/2; Pi2:=2*Pi; 
  Ecrit:=Pio2*(1-3e-4); {2}{  Ecrit:=Pi2*(1-1e-18);} 
  FOR J:=1 TO LoopNumber DO begin Io[J]:=0; Qo[J]:=0 end; 
  Pscale:=10*Magnify;  {  Pa TO 10(dyne/cm2) } 
  FOR Kk:=1 TO LoopNumber DO Qo[Kk]:=0; 
  Lgap1:=Lgap/Cm3ToXmicrons; 







  OLgap1:=1/Lgap1; 
  Ramp1:=Ramp-1; 
  Eo1:=1+Eo; 
  Eb1:=1/(2*Eb/Pi); 
  Eb2:=Eo*Eb1; 
  Kconst:=Eo1/etan(Eb2); 
  Xb:=Lgap*Sqrt(Sqr((1+Eb)/(1+Eo))-1); 
  Njmin:=1; 
  Gk1:=1; Gk2:=1; Gr1:=1; Gr2:=1; 
  Ex1:=Ex0; 
  Nj:=Njmin; 
  Nj:=256; 
  K:=0; 
  Data1:=0*Sig[K]*Pscale; 
  Canvas.Pen.Color:=clBlue; 
  Sig1[K]:=Qo[2]*Cm3ToXmicrons; 
  ProgSize:=Round(SizeS1/23); 
  REPEAT 
    Inc(K); 
    Data2:=Pscale*Sig[K]; 
    if Kr<0 then begin Gk2:=MemMagK; Gr2:=MemMagR end 
    else if K<=Kr then begin Gk2:=1; Gr2:=1 end 
    else begin 
      Ex1:=Ex1*Ex2; 
      Gk2:=1+MemMagK1*(1-Ex1); 
      Gr2:=1+MemMagR1*(1-Ex1); 
    end; 
    Nj:=Round(Nj/AdaptFactor); {2.7} 
    IF Nj<Njmin THEN Nj:=Njmin; 
    FOR J:=1 TO LoopNumber DO begin Qoo[J]:=Qo[J]; 
Ioo[J]:=Io[J] end; 
    RungeKutta3; 
    REPEAT 
      for J:=2 to 7 do L[J]:=Io[J]; 
      Nj:=Nj*2; 
      RungeKutta3; 
      ErrMax:=0; 
      for J:=2 to 7 do begin 
        if Io[J]<>0 then Err:=abs(L[J]/Io[J]-1); 
 
        if Err>ErrMax then ErrMax:=Err; 
      end; 
    UNTIL ErrMax<=ErrTol; 
    Sig1[K]:=Qo[2]*Cm3ToXmicrons; 
    if K mod ProgSize =0 then ProgressBar1.StepIt; 
    Data1:=Data2; 
    Gk1:=Gk2; 
    Gr1:=Gr2; 
  UNTIL K=SizeS1; 
end; {TimeDomainModel3} 
 







procedure Deriv4; 
begin 
  VTemp[1]:=(Q[1]+Q[2]+Q[3])*Kcup; 
  VTemp[2]:=Pe-VTemp[1]; 
  Kcush1:=Kcush*(1+0*Sqr(Q[4])); 
  Rcush1:=Rcush*(1+0*Sqr(Q[4])); 
  Rleak1:=Rleak*(1+Rleak2*Sqr(I[2])); 
  Lleak1:=Lleak*(1+Lleak2*Sqr(I[2])); 
  D1i[1]:=(VTemp[2]-I[4]*Rcush1-Q[4]*Kcush1)/Lcup; 
  D1i[2]:=(VTemp[2]-I[2]*Rleak1)/Lleak1; 
  D1i[3]:=(VTemp[2]-I[3]*Rmat-Q[3]*Kmat)/Lmat; 
  D1i[4]:=(D1i[1]*Rskin+I[1]*Kskin-
I[4]*(Kskin+Kcush1))/(Rskin+Rcush1); 
end;  { Deriv4 } 
 
procedure RungeKutta4; 
var 
  H,Hh,H6,Ddn,Jjp5 : double; 
  J,Jj,Jj1 : integer; 
{VAR T,P2,P3 : single;} 
begin 
  H:=Dt/Nj; 
  Hh:=0.5*H; 
  H6:=H/6; 
  Ddn:=(Data2-Data1)/Nj; 
  FOR J:=1 TO LoopNumber DO begin Qo[J]:=Qoo[J]; 
Io[J]:=Ioo[J] end; 
  FOR Jj:=1 TO Nj DO begin 
    Jj1:=Jj-1; 
    Jjp5:=Jj-0.5; 
    FOR J:=1 TO LoopNumber DO begin Q[J]:=Qo[J]; I[J]:=Io[J] 
end; 
    Pe:=Data1+Ddn*Jj1;    {Pe(To)} 
    Deriv4; { get dI/dt's at starting point  } 
    FOR J:=1 TO LoopNumber DO begin 
      DiDt[J]:=D1i[J]; {save deriv's} 
      DqDt[J]:=I[J]; 
      Q[J]:=Qo[J]+Hh*I[J]; 
      I[J]:=Io[J]+Hh*D1i[J] 
    end; 
    Pe:=Data1+Ddn*Jjp5; {Pe(To+Hh)} 
    Deriv4; 
    FOR J:=1 TO LoopNumber DO begin 
      Dit[J]:=D1i[J]; 
      Dqt[J]:=I[J]; 
      Q[J]:=Qo[J]+Hh*I[J]; 
      I[J]:=Io[J]+Hh*D1i[J] 
    end; 
    Deriv4;   { second guess at midpoint deriv } 
    FOR J:=1 TO LoopNumber DO begin 
      Dit[J]:=Dit[J]+D1i[J]; 







      Dqt[J]:=Dqt[J]+I[J]; 
      Q[J]:=Qo[J]+H*I[J]; 
      I[J]:=Io[J]+H*D1i[J] 
    end; 
    Pe:=Data1+Ddn*Jj; {Pe(To+H)} 
    Deriv4;  {dI/dt's  at next point} 
    FOR J:=1 TO LoopNumber DO begin 
      Qo[J]:=Qo[J]+H6*(DqDt[J]+2*Dqt[J]+I[J]); {result at 
t+h} 
      Io[J]:=Io[J]+H6*(DiDt[J]+2*Dit[J]+D1i[J]) 
    end 
  end 
end;    { RungeKutta4 } 
 
procedure TForm1.TimeDomainModel4; 
var 
  J,Kk:integer; 
begin 
//  Rleak:=3.55E4;  Lleak:=1.41E-1; 
  LoopNumber:=4;     Pi2:=Pi*2; 
  FOR J:=1 TO LoopNumber DO begin Io[J]:=0; Qo[J]:=0 end; 
  Pscale:=10*1{Magnify};  {  Pa TO 10(dyne/cm2) } 
  FOR Kk:=1 TO LoopNumber DO Qo[Kk]:=0; 
  Njmin:=64*2;  Nj:=Njmin;  Nj:=256;  K:=0; 
  Data1:=0*Sig[K]*Pscale; 
  Sig1[K]:=(Qo[1]+Qo[2]+Qo[3])*Kcup/Pscale; { Dyne/cm^2 to 
Pa } 
  REPEAT 
    Inc(K); 
    Data2:=Sig[K]*Pscale+(PrMax-PrMin)/131072*(Random-0.5); 
    Nj:=Round(Nj/AdaptFactor); {2.7} 
    IF Nj<Njmin THEN Nj:=Njmin; 
    FOR J:=1 TO LoopNumber DO begin Qoo[J]:=Qo[J]; 
Ioo[J]:=Io[J] end; 
    RungeKutta4; 
    REPEAT 
      for J:=1 to LoopNumber do L[J]:=Io[J]; 
      Nj:=Nj*2;      RungeKutta4;      ErrMax:=0; 
      for J:=1 to LoopNumber do begin 
        if Io[J]<>0 then Err:=abs(L[J]/Io[J]-1); 
        if Err>ErrMax then ErrMax:=Err; 
      end; 
    UNTIL ErrMax<=ErrTol; 
    Sig1[K]:=(Qo[1]+Qo[2]+Qo[3])*Kcup/Pscale{0.1}; 
//    Xx:=(Tb+K*Dt)*1e3; Yy:=Sig1[K]*1e-3{*24}; scale; 
//    if K<2 then Canvas.MoveTo(Xin,Yin) else 
Canvas.LineTo(Xin,Yin); 
    Data1:=Data2; 
  UNTIL K=SizeS1; 
end; {TimeDomainModel4} 
 







procedure TForm1.TimeDomainModel5; 
var 
  J,Kk:integer; 
begin 
  LoopNumber:=4;  Pi2:=Pi*2; 
  FOR J:=1 TO LoopNumber DO begin Io[J]:=0; Qo[J]:=0 end; 
  Pscale:=10*1{Magnify};  {  Pa TO 10(dyne/cm2) } 
  FOR Kk:=1 TO LoopNumber DO Qo[Kk]:=0; 
  Njmin:=1;  Nj:=Njmin;  Nj:=256;  K:=0; 
  Data1:=0*Sig[K]*Pscale; 
  Sig[K]:=(Qo[1]+Qo[2]+Qo[3]+Qo[4])*Kcup*1e-1; { Dyne/cm^2 
to Pa } 
  REPEAT 
    Inc(K); 
    Data2:=Sig[K]*Pscale+(PrMax-PrMin)/131072*(Random-0.5); 
    Nj:=Round(Nj/AdaptFactor); {2.7} 
    IF Nj<Njmin THEN Nj:=Njmin; 
    FOR J:=1 TO LoopNumber DO begin Qoo[J]:=Qo[J]; 
Ioo[J]:=Io[J] end; 
    RungeKutta4; 
    REPEAT 
      for J:=1 to LoopNumber do L[J]:=Io[J]; 
      Nj:=Nj*2; 
      RungeKutta4; 
      ErrMax:=0; 
      for J:=1 to LoopNumber do begin 
        if Io[J]<>0 then Err:=abs(L[J]/Io[J]-1); 
        if Err>ErrMax then ErrMax:=Err; 
      end; 
    UNTIL ErrMax<=ErrTol; 
    Sig[K]:=(Qo[1]+Qo[2]+Qo[3])*Kcup*0.1{0.1}; 
    Data1:=Data2; 
  UNTIL K=SizeS1; 
end; {TimeDomainModel5} 
 
procedure ComplexMul(A,B,C,D : double; var E,F : double); 
begin 
  E:=A*C-B*D; 
  F:=A*D+B*C 
end; 
 
procedure TForm1.TimeDomainModel6; 
var 
  J,Kk:integer; 
begin 
  Pio2:=Pi/2; Pi2:=2*Pi; 
  Ecrit:=Pio2*(1-3e-4); {2}{  Ecrit:=Pi2*(1-1e-18);} 
  FOR J:=1 TO LoopNumber DO begin Io[J]:=0; Qo[J]:=0 end; 
  Pscale:=10*1{Magnify=1};  {  Pa TO 10(dyne/cm2) } 
  FOR Kk:=1 TO LoopNumber DO Qo[Kk]:=0; 
  Lgap1:=Lgap/Cm3ToXmicrons; 







  OLgap1:=1/Lgap1; 
  Ramp1:=Ramp-1; 
  Eo1:=1+Eo; 
  Eb1:=1/(2*Eb/Pi); 
  Eb2:=Eo*Eb1; 
  Kconst:=Eo1/etan(Eb2); 
  Xb:=Lgap*Sqrt(Sqr((1+Eb)/(1+Eo))-1); 
  Njmin:=1; 
  Gk1:=1; Gk2:=1; Gr1:=1; Gr2:=1; 
  Ex1:=Ex0; 
  Nj:=Njmin; 
  Nj:=256; 
  K:=0; 
  Data1:=0*Sig[K]*Pscale; 
  Canvas.Pen.Color:=RGB(170,170,0); 
  Sig1[K]:=(Qo[22]-Qo[21])*Ke[16]*0.1; { 0.1 Pa/(Dyne/cm^2) 
} 
{  Xx:=K*Dt*1e3; Yy:=Sig1[K]; scale; Canvas.MoveTo(Xin,Yin);} 
  ProgSize:=Round(SizeS1/23); 
  REPEAT 
    Inc(K); 
    Data2:=Pscale*Sig[K]; 
    if Kr<0 then begin Gk2:=MemMagK; Gr2:=MemMagR end 
    else if K<=Kr then begin Gk2:=1; Gr2:=1 end 
    else begin 
      Ex1:=Ex1*Ex2; 
      Gk2:=1+MemMagK1*(1-Ex1); 
      Gr2:=1+MemMagR1*(1-Ex1); 
    end; 
    Nj:=Round(Nj/AdaptFactor); {2.7} 
    IF Nj<Njmin THEN Nj:=Njmin; 
    FOR J:=1 TO LoopNumber DO begin Qoo[J]:=Qo[J]; 
Ioo[J]:=Io[J] end; 
    RungeKutta1; 
    REPEAT 
      for J:=2 to 7 do L[J]:=Io[J]; 
      Nj:=Nj*2; 
      RungeKutta1; 
      ErrMax:=0; 
      for J:=2 to 7 do begin 
        if Io[J]<>0 then Err:=abs(L[J]/Io[J]-1); 
 
        if Err>ErrMax then ErrMax:=Err; 
      end; 
    UNTIL ErrMax<=ErrTol; 
    Sig1[K]:=(Qo[22]-Qo[21])*Ke[16]*0.1; 
{    Sig1[K]:=(Qo[7]-Qo[6])*Ke[1]*0.1;} 
    Xx:=(Tb+K*Dt)*1e3; Yy:=Sig1[K]*1e-3; scale; 
    if K<2 then Canvas.MoveTo(Xin,Yin) else 
Canvas.LineTo(Xin,Yin);    Data1:=Data2; 







{   Xx:=K*Dt*1e3; Yy:=Sig1[K]; scale; 
Canvas.LineTo(Xin,Yin);} 
{    if K mod ProgSize =0 then ProgressBar1.StepIt;} 
    Data1:=Data2; 
    Gk1:=Gk2; 
    Gr1:=Gr2; 
  UNTIL K=SizeS1; 
end; {TimeDomainModel6} 
 
procedure TForm1.TimeDomainModel7; 
var 
  J,Kk:integer; 
begin 
  Pio2:=Pi/2; Pi2:=2*Pi; 
  Ecrit:=Pio2*(1-3e-4); {2}{  Ecrit:=Pi2*(1-1e-18);} 
  FOR J:=1 TO LoopNumber DO begin Io[J]:=0; Qo[J]:=0 end; 
  Pscale:=10*1{Magnify=1};  {  Pa TO 10(dyne/cm2) } 
  FOR Kk:=1 TO LoopNumber DO Qo[Kk]:=0; 
  Lgap1:=Lgap/Cm3ToXmicrons; 
  OLgap1:=1/Lgap1; 
  Ramp1:=Ramp-1; 
  Eo1:=1+Eo; 
  Eb1:=1/(2*Eb/Pi); 
  Eb2:=Eo*Eb1; 
  Kconst:=Eo1/etan(Eb2); 
  Xb:=Lgap*Sqrt(Sqr((1+Eb)/(1+Eo))-1); 
  Njmin:=1; 
  Gk1:=1; Gk2:=1; Gr1:=1; Gr2:=1; 
  Ex1:=Ex0; 
  Nj:=Njmin; 
  Nj:=256; 
  K:=0; 
  Data1:=0*Sig[K]*Pscale; 
  Canvas.Pen.Color:=RGB(170,170,0); 
  Sig1[K]:=(Qo[7]-Qo[6])*Ke[1]*0.1; { 0.1 Pa/(Dyne/cm^2) } 
{  Xx:=K*Dt*1e3; Yy:=Sig1[K]; scale; Canvas.MoveTo(Xin,Yin);} 
  ProgSize:=Round(SizeS1/23); 
  REPEAT 
    Inc(K); 
    Data2:=Pscale*Sig[K]; 
    if Kr<0 then begin Gk2:=MemMagK; Gr2:=MemMagR end 
    else if K<=Kr then begin Gk2:=1; Gr2:=1 end 
    else begin 
      Ex1:=Ex1*Ex2; 
      Gk2:=1+MemMagK1*(1-Ex1); 
      Gr2:=1+MemMagR1*(1-Ex1); 
    end; 
    Nj:=Round(Nj/AdaptFactor); {2.7} 
    IF Nj<Njmin THEN Nj:=Njmin; 
    FOR J:=1 TO LoopNumber DO begin Qoo[J]:=Qo[J]; 
Ioo[J]:=Io[J] end; 







    RungeKutta1; 
    REPEAT 
      for J:=2 to 7 do L[J]:=Io[J]; 
      Nj:=Nj*2; 
      RungeKutta1; 
      ErrMax:=0; 
      for J:=2 to 7 do begin 
        if Io[J]<>0 then Err:=abs(L[J]/Io[J]-1); 
 
        if Err>ErrMax then ErrMax:=Err; 
      end; 
    UNTIL ErrMax<=ErrTol; 
    Sig1[K]:=(Qo[7]-Qo[6])*Ke[1]*0.1; 
    Xx:=(Tb+K*Dt)*1e3; Yy:=Sig1[K]*1e-3; scale; 
    if K<2 then Canvas.MoveTo(Xin,Yin) else 
Canvas.LineTo(Xin,Yin);    Data1:=Data2; 
{   Xx:=K*Dt*1e3; Yy:=Sig1[K]; scale; 
Canvas.LineTo(Xin,Yin);} 
{    if K mod ProgSize =0 then ProgressBar1.StepIt;} 
    Data1:=Data2; 
    Gk1:=Gk2; 
    Gr1:=Gr2; 
  UNTIL K=SizeS1; 
end; {TimeDomainModel7} 
 
 
procedure TForm1.TimeDomainModel8; 
var 
  J,Kk:integer; 
begin 
  Pio2:=Pi/2; Pi2:=2*Pi; 
  Ecrit:=Pio2*(1-3e-4); {2}{  Ecrit:=Pi2*(1-1e-18);} 
  FOR J:=1 TO LoopNumber DO begin Io[J]:=0; Qo[J]:=0 end; 
  Pscale:=10*Magnify;  {  Pa TO 10(dyne/cm2) } 
  FOR Kk:=1 TO LoopNumber DO Qo[Kk]:=0; 
  Lgap1:=Lgap/Cm3ToXmicrons; 
  OLgap1:=1/Lgap1; 
  Ramp1:=Ramp-1; 
  Eo1:=1+Eo; 
  Eb1:=1/(2*Eb/Pi); 
  Eb2:=Eo*Eb1; 
  Kconst:=Eo1/etan(Eb2); 
  Xb:=Lgap*Sqrt(Sqr((1+Eb)/(1+Eo))-1); 
  Njmin:=1; 
  Gk1:=1; Gk2:=1; Gr1:=1; Gr2:=1; 
  Ex1:=Ex0; 
  Nj:=Njmin; 
  Nj:=256; 
  K:=0; 
  Data1:=0*Sig[K]*Pscale; 
  Canvas.Pen.Color:=clBlue; 







  Sig1[K]:=0; 
{  Xx:=K*Dt*1e3; Yy:=Sig1[K]; scale; Canvas.MoveTo(Xin,Yin);} 
  ProgSize:=Round(SizeS1/23); 
  REPEAT 
    Inc(K); 
    Data2:=Pscale*Sig[K]; 
    if Kr<0 then begin Gk2:=MemMagK; Gr2:=MemMagR end 
    else if K<=Kr then begin Gk2:=1; Gr2:=1 end 
    else begin 
      Ex1:=Ex1*Ex2; 
      Gk2:=1+MemMagK1*(1-Ex1); 
      Gr2:=1+MemMagR1*(1-Ex1); 
    end; 
    Nj:=Round(Nj/AdaptFactor); {2.7} 
    IF Nj<Njmin THEN Nj:=Njmin; 
    FOR J:=1 TO LoopNumber DO begin Qoo[J]:=Qo[J]; 
Ioo[J]:=Io[J] end; 
    RungeKutta1; 
    REPEAT 
      for J:=2 to 7 do L[J]:=Io[J]; 
      Nj:=Nj*2; 
      RungeKutta1; 
      ErrMax:=0; 
      for J:=2 to 7 do begin 
        if Io[J]<>0 then Err:=abs(L[J]/Io[J]-1); 
        if Err>ErrMax then ErrMax:=Err; 
      end; 
    UNTIL ErrMax<=ErrTol; 
//    Sig1[K]:=Qo[2]*Cm3ToXmicrons; 
    Sig1[K]:=(Qo[22]-Qo[21])*Ke[16]/Pscale; {Canal entance, 
Vtemp[7] for eardrum} 
{   Xx:=K*Dt*1e3; Yy:=Sig1[K]; scale; 
Canvas.LineTo(Xin,Yin);} 
{    if K mod ProgSize =0 then ProgressBar1.StepIt;} 
    Data1:=Data2; 
    Gk1:=Gk2; 
    Gr1:=Gr2; 
  UNTIL K=SizeS1; 
end; {TimeDomainModel8} 
 
procedure TForm1.TimeDomainModel9; 
var 
  J,Kk:integer; 
begin 
  LoopNumber:=24; 
  Pio2:=Pi/2; Pi2:=2*Pi; 
  Ecrit:=Pio2*(1-3e-4); {2}{  Ecrit:=Pi2*(1-1e-18);} 
  FOR J:=1 TO LoopNumber DO begin Io[J]:=0; Qo[J]:=0 end; 
  Pscale:=10*Magnify;  {  Pa TO 10(dyne/cm2) } 
  FOR Kk:=1 TO LoopNumber DO Qo[Kk]:=0; 
  Lgap1:=Lgap/Cm3ToXmicrons; 







  OLgap1:=1/Lgap1; 
  Ramp1:=Ramp-1; 
  Eo1:=1+Eo; 
  Eb1:=1/(2*Eb/Pi); 
  Eb2:=Eo*Eb1; 
  Kconst:=Eo1/etan(Eb2); 
  Xb:=Lgap*Sqrt(Sqr((1+Eb)/(1+Eo))-1); 
 
//  MemDelay:=-50e-3; 
//  MemDelay:=9.0e-3; 
  MemTimeConst:=11.0e-3; 
  MemDelay1:=9e-3; 
 
  Est_MemDelay:=Est+MemDelay1; 
  Kr:=Trunc(Est_MemDelay/Dt); { sample just before onset of 
wave } 
  if Kr>0 then 
    Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
  else 
    Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
  Ex1:=Ex0; 
  Ex2:=Exp(-Dt/MemTimeConst); 
 
 
  Njmin:=1; 
  Gk1:=1; Gk2:=1; Gr1:=1; Gr2:=1; 
//  Ex1:=Ex0; 
  Nj:=Njmin; 
  Nj:=256; 
  K:=0; 
  Data1:=0*Sig1[K]*Pscale; 
  Canvas.Pen.Color:=clBlue; 
  Sig1[K]:=0; 
{  Xx:=K*Dt*1e3; Yy:=Sig1[K]; scale; Canvas.MoveTo(Xin,Yin);} 
  ProgSize:=Round(SizeS1/23); 
  REPEAT 
    Inc(K); 
    Data2:=Pscale*Sig1[K]; 
    if Kr<0 then begin Gk2:=MemMagK; Gr2:=MemMagR end 
    else if K<=Kr then begin Gk2:=1; Gr2:=1 end 
    else begin 
      Ex1:=Ex1*Ex2; 
      Gk2:=1+MemMagK1*(1-Ex1); 
      Gr2:=1+MemMagR1*(1-Ex1); 
    end; 
    Nj:=Round(Nj/AdaptFactor); {2.7} 
    IF Nj<Njmin THEN Nj:=Njmin; 
    FOR J:=1 TO LoopNumber DO begin Qoo[J]:=Qo[J]; 
Ioo[J]:=Io[J] end; 
    RungeKutta1; 
    REPEAT 







      for J:=2 to 7 do L[J]:=Io[J]; 
      Nj:=Nj*2; 
      RungeKutta1; 
      ErrMax:=0; 
      for J:=2 to 7 do begin 
        if Io[J]<>0 then Err:=abs(L[J]/Io[J]-1); 
        if Err>ErrMax then ErrMax:=Err; 
      end; 
    UNTIL ErrMax<=ErrTol; 
//    Sig1[K]:=Qo[2]*Cm3ToXmicrons; 
    Sig1[K]:=(Qo[8]-Qo[7])*Ke[2]/Pscale; {Canal entance, 
Vtemp[7] for eardrum} 
//    Sig1[K]:=(Qo[11]-Qo[10])*Ke[5]/Pscale; {Canal entance, 
Vtemp[7] for eardrum} 
//    Sig1[K]:=(Qo[22]-Qo[21])*Ke[16]/Pscale; {Canal entance, 
Vtemp[7] for eardrum} 
{   Xx:=K*Dt*1e3; Yy:=Sig1[K]; scale; 
Canvas.LineTo(Xin,Yin);} 
{    if K mod ProgSize =0 then ProgressBar1.StepIt;} 
    Data1:=Data2; 
    Gk1:=Gk2; 
    Gr1:=Gr2; 
  UNTIL K=SizeS1; 
end; {TimeDomainModel9} 
 
procedure TForm1.TimeDomainModel10; 
var 
  J,Kk:integer; 
begin 
  LoopNumber:=24; 
  Pio2:=Pi/2; Pi2:=2*Pi; 
  Ecrit:=Pio2*(1-3e-4); {2}{  Ecrit:=Pi2*(1-1e-18);} 
  FOR J:=1 TO LoopNumber DO begin Io[J]:=0; Qo[J]:=0 end; 
  Pscale:=10*Magnify;  {  Pa TO 10(dyne/cm2) } 
  FOR Kk:=1 TO LoopNumber DO Qo[Kk]:=0; 
  Lgap1:=Lgap/Cm3ToXmicrons; 
  OLgap1:=1/Lgap1; 
  Ramp1:=Ramp-1; 
  Eo1:=1+Eo; 
  Eb1:=1/(2*Eb/Pi); 
  Eb2:=Eo*Eb1; 
  Kconst:=Eo1/etan(Eb2); 
  Xb:=Lgap*Sqrt(Sqr((1+Eb)/(1+Eo))-1); 
 
//  MemDelay:=-50e-3; 
//  MemDelay:=9.0e-3; 
  MemTimeConst:=11.0e-3; 
  MemDelay1:=9e-3; 
 
  Est_MemDelay:=Est+MemDelay1; 







  Kr:=Trunc(Est_MemDelay/Dt); { sample just before onset of 
wave } 
  if Kr>0 then 
    Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
  else 
    Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
  Ex1:=Ex0; 
  Ex2:=Exp(-Dt/MemTimeConst); 
 
 
  Njmin:=1; 
  Gk1:=1; Gk2:=1; Gr1:=1; Gr2:=1; 
//  Ex1:=Ex0; 
  Nj:=Njmin; 
  Nj:=256; 
  K:=0; 
  Data1:=0*Sig1[K]*Pscale; 
  Canvas.Pen.Color:=clBlue; 
  Sig1[K]:=0; 
{  Xx:=K*Dt*1e3; Yy:=Sig1[K]; scale; Canvas.MoveTo(Xin,Yin);} 
  ProgSize:=Round(SizeS1/23); 
  REPEAT 
    Inc(K); 
    Data2:=Pscale*Sig1[K]; 
    if Kr<0 then begin Gk2:=MemMagK; Gr2:=MemMagR end 
    else if K<=Kr then begin Gk2:=1; Gr2:=1 end 
    else begin 
      Ex1:=Ex1*Ex2; 
      Gk2:=1+MemMagK1*(1-Ex1); 
      Gr2:=1+MemMagR1*(1-Ex1); 
    end; 
    Nj:=Round(Nj/AdaptFactor); {2.7} 
    IF Nj<Njmin THEN Nj:=Njmin; 
    FOR J:=1 TO LoopNumber DO begin Qoo[J]:=Qo[J]; 
Ioo[J]:=Io[J] end; 
    RungeKutta1; 
    REPEAT 
      for J:=2 to 7 do L[J]:=Io[J]; 
      Nj:=Nj*2; 
      RungeKutta1; 
      ErrMax:=0; 
      for J:=2 to 7 do begin 
        if Io[J]<>0 then Err:=abs(L[J]/Io[J]-1); 
        if Err>ErrMax then ErrMax:=Err; 
      end; 
    UNTIL ErrMax<=ErrTol; 
//    Sig1[K]:=Qo[2]*Cm3ToXmicrons; 
//    Sig1[K]:=(Qo[8]-Qo[7])*Ke[2]/Pscale; {Canal entance, 
Vtemp[7] for eardrum} 
//    Sig1[K]:=(Qo[11]-Qo[10])*Ke[5]/Pscale; {Canal entance, 
Vtemp[7] for eardrum} 







    Sig1[K]:=(Qo[22]-Qo[21])*Ke[16]/Pscale; {Canal entance, 
Vtemp[7] for eardrum} 
{   Xx:=K*Dt*1e3; Yy:=Sig1[K]; scale; 
Canvas.LineTo(Xin,Yin);} 
{    if K mod ProgSize =0 then ProgressBar1.StepIt;} 
    Data1:=Data2; 
    Gk1:=Gk2; 
    Gr1:=Gr2; 
  UNTIL K=SizeS1; 
end; {TimeDomainModel10} 
 
 
 
procedure Complexdiv(A,B,C,D : double; var E,F : double); 
var 
  G : double; 
begin 
  G:=Sqr(C)+Sqr(D); 
  E:=(A*C+B*D)/G; 
  F:=(B*C-A*D)/G 
end; 
 
procedure ACWeight(F:single;var ReA,ImA,ReC,ImC:single); 
var 
  F2,Fr22,Re,Im:double; 
begin 
  F2:=F*F; 
  Fr22:=Fr2*Fr2; 
  ComplexDiv(F2,0,F2-Fr1*Fr1,-2*F*Fr1,Re,Im); 
  ComplexDiv(Fr22*Re,Fr22*Im,Fr22-F2,2*F*Fr2,Re,Im); 
  ReC:=Re*Kc; ImC:=Im*Kc; 
  ComplexDiv(F2*Re,F2*Im,F2-Fr3*Fr3,-3*F*Fr3,Re,Im); 
  ReA:=Re*Ka; ImA:=Im*Ka; 
end; 
 
procedure ACWeightSetup; 
var 
  F : single; 
begin 
  Fr1:=20.598997; { ANSI STANDARD S1.4-1983, p.17 } 
  Fr2:=12194.217; 
  Fr3:=Exp(2.45*Ln(10)); 
  F:=1000; Ka:=1; Kc:=1; 
  ACWeight(F,ReA,ImA,ReC,ImC); 
  Ka:=1/Sqrt(Sqr(ReA)+Sqr(ImA)); 
  Kc:=1/Sqrt(Sqr(ReC)+Sqr(ImC)); 
end; 
 
 
procedure CFft(N:integer;Dt:single; var Xr,Xi:Xptr; 
ForwardTransform:boolean); 







{ Nn = Number of sampled values of waveform 
  N  = Nn / 2 = Number of complex entries in FFT array ( Xr^, 
Xi^ ) 
  Dt = Sample time interval 
  FFT routine divides by N in forward direction 
  Double routine divides by 4 in forward direction 
  To make units agree with Fourier Transform (defn p.27 
Carlson, Communications 
   Systems An introduction to signals and Noise in Electrical 
Communication), 
   divide by  F1  where F1 = 1 / ( Nn * Dt ) = Frequency 
sample interval 
  This gives an overall normalization of Dt/2 in forward 
direction 
  In the inverse direction multiply by F1 = 1/(2*N*Dt)  } 
var 
  I,J,K,L,L1,L2,M,N2 : integer; 
  Scf,U1,U2,U3,U4,W1,W2,V1,V2 : double; 
begin 
  J:=1; 
  N2:=N div 2; 
  M:=Round(Log2(N)); 
  for I:=1 to N-1 do begin 
    if (I<J) then begin 
      U1:=Xr^[J];      U2:=Xi^[J]; 
      Xr^[J]:=Xr^[I];  Xi^[J]:=Xi^[I]; 
      Xr^[I]:=U1;      Xi^[I]:=U2 
    end; 
    K:=N2; 
    WHILE (K<J) do begin 
      J:=J-K; 
      K:=K div 2 
    end; 
    J:=J+K; 
  end; 
  L1:=1; 
  for L:=1 to M do begin 
    L2:=L1; 
    L1:=L1*2; 
    U1:=1;   U2:=0; 
    W1:=Cos(Pi/L2); 
    if ForwardTransform then W2:=-Sin(Pi/L2) else 
W2:=Sin(Pi/L2); 
    for K:=1 to L2 do begin 
      I:=K; 
      WHILE I<=N do begin 
        J:=I+L2; 
        V1:=Xr^[J]*U1-Xi^[J]*U2;          
V2:=Xi^[J]*U1+Xr^[J]*U2; 
        Xr^[J]:=Xr^[I]-V1;                Xi^[J]:=Xi^[I]-V2; 
        Xr^[I]:=Xr^[I]+V1;                Xi^[I]:=Xi^[I]+V2; 
        I:=I+L1; 







      end; 
      U3:=U1;               U4:=U2; 
      U1:=U3*W1-U4*W2;      U2:=U4*W1+U3*W2 
    end; 
   { if (I=8194) or (J=8194) then 
      Halt;} 
  end; 
  if ForwardTransform then begin 
    Scf:=Dt; 
    for I:=1 to N+2 do begin 
      Xr^[I]:=Xr^[I]*Scf;    Xi^[I]:=Xi^[I]*Scf 
    end 
  end 
  else begin 
    Scf:=1/(N*Dt); 
    for I:=1 to N+2 do begin 
      Xr^[I]:=Xr^[I]*Scf;    Xi^[I]:=Xi^[I]*Scf 
    end 
  end 
end;  { Fft } 
 
 
procedure Fft(N:integer;Dt:single; var Xr,Xi:XPtr; 
ForwardTransform:boolean); 
{ Nn = Number of sampled values of waveform 
  N  = Nn / 2 = Number of complex entries in FFT array ( Xr^, 
Xi^ ) 
  Dt = Sample time interval 
  FFT routine divides by N in forward direction 
  Double routine divides by 4 in forward direction 
  To make units agree with Fourier Transform (defn p.27 
Carlson, Communications 
   Systems An introduction to signals and Noise in Electrical 
Communication), 
   divide by  F1  where F1 = 1 / ( Nn * Dt ) = Frequency 
sample interval 
  This gives an overall normalization of Dt/2 in forward 
direction 
  In the inverse direction multiply by F1 = 1/(2*N*Dt)  } 
var 
  I,J,K,L,L1,L2,M,N2 : integer; 
  U1,U2,U3,U4,W1,W2,V1,V2 : double; 
begin 
  J:=1; 
  N2:=N div 2; 
  M:=Round(Log2(N)); 
  for I:=1 to N-1 do begin 
    if (I<J) then begin 
      U1:=Xr^[J];      U2:=Xi^[J]; 
      Xr^[J]:=Xr^[I];  Xi^[J]:=Xi^[I]; 
      Xr^[I]:=U1;      Xi^[I]:=U2 







    end; 
    K:=N2; 
    while K<J do begin 
      J:=J-K; 
      K:=K div 2 
    end; 
    J:=J+K 
  end; 
  L1:=1; 
  for L:=1 to M do begin 
    L2:=L1; 
    L1:=L1*2; 
    U1:=1;   U2:=0; 
    Th:=Pi/L2; 
    dsincos(Th,Co,Si); 
    W1:=Co; 
    if ForwardTransform then W2:=-Si else W2:=Si; 
    for K:=1 to L2 do begin 
      I:=K; 
      while I<=N do begin 
        J:=I+L2; 
        V1:=Xr^[J]*U1-Xi^[J]*U2;          
V2:=Xi^[J]*U1+Xr^[J]*U2; 
        Xr^[J]:=Xr^[I]-V1;                Xi^[J]:=Xi^[I]-V2; 
        Xr^[I]:=Xr^[I]+V1;                Xi^[I]:=Xi^[I]+V2; 
        I:=I+L1 
      end; 
      U3:=U1;               U4:=U2; 
      U1:=U3*W1-U4*W2;      U2:=U4*W1+U3*W2 
    end 
  end; 
  if ForwardTransform then begin 
    Dt:=Dt/2; 
    for I:=1 to N do begin 
      Xr^[I]:=Xr^[I]*Dt; 
      Xi^[I]:=Xi^[I]*Dt 
    end 
  end 
  else begin 
    Dt:=1/(2*N*Dt); 
    for I:=1 to N do begin 
      Xr^[I]:=Xr^[I]*Dt; 
      Xi^[I]:=Xi^[I]*Dt 
    end 
  end 
end;  { Fft } 
 
 
procedure ForwardFft(N:integer;Dt:single; var Xr,Xi:XPtr); 
{ Load Xr^[I]:=In^[2*I-1], Xi^[I]:=In^[2*I] for I:=1 to 
NumberPoints/2 } 







var 
  I,J,N2 : integer; 
  U,V,C,S,D,E,F,G,P,Q : double; 
  ForwardTransform : boolean; 
 
begin 
  ForwardTransform:=TRUE; 
  Fft(N,Dt,Xr,Xi,ForwardTransform); 
  U:=1;                    V:=0; 
  dSinCos(Pi/N,C,S); 
  {  C:=Cos(Pi/N);            S:=Sin(Pi/N);} 
  Xr^[N+1]:=Xr^[1];        Xi^[N+1]:=Xi^[1]; 
  {  double } 
  N2:=N+2; 
  for I:=1 to (N div 2 + 1) do begin 
    J:=N2-I; 
    D:=Xr^[I]+Xr^[J];      F:=Xi^[I]+Xi^[J]; 
    E:=Xr^[I]-Xr^[J];      G:=Xi^[I]-Xi^[J]; 
    P:=U*F-V*E;            Q:=V*F+U*E; 
    Xr^[I]:=D+P;           Xi^[I]:= G-Q; 
    Xr^[J]:=D-P;           Xi^[J]:=-G-Q; 
    P:=C*U-S*V;            V:=S*U+C*V;          U:=P 
  end 
end;   { ForwardFft } 
 
procedure InverseFft(N:integer;Dt:single; var Xr,Xi:XPtr); 
{ Unload In^[2*I-1]:=Xr^[I], In^[2*I]:=Xi^[I] for I:=1 to 
NumberPoints/2 } 
var 
  I,J,N2 : integer; 
  U,V,C,S,D,E,F,G,P,Q : double; 
  ForwardTransform : boolean; 
begin 
  U:=1;                    V:=0; 
  dSinCos(-Pi/N,C,S); 
{  C:=Cos(Pi/N);            S:=-Sin(Pi/N);} 
  {  Undouble } 
  N2:=N+2; 
  for I:=1 to (N div 2 + 1) do begin 
    J:=N2-I; 
    D:=Xr^[I]+Xr^[J];      F:=Xi^[I]+Xi^[J]; 
    E:=Xr^[I]-Xr^[J];      G:=Xi^[I]-Xi^[J]; 
    P:=V*E-U*F;            Q:=U*E+V*F; 
    Xr^[I]:=D+P;           Xi^[I]:=Q+G; 
    Xr^[J]:=D-P;           Xi^[J]:=Q-G; 
    P:=C*U-S*V;            V:=S*U+C*V;          U:=P 
  end; 
  ForwardTransform:=FALSE; 
  Fft(N,Dt,Xr,Xi,ForwardTransform); 
  {  UnShuffle } 
  { for I:=1 to N/2 do 







  begin 
    Input^[2*I-1]:=Xr^[I]; 
    Input^[2*I]:=Xi^[I] 
  end } 
end;  { InverseFft } 
 
 
procedure Polar(X,Y : double; var R,T : double); 
begin 
  R:=Sqrt(Sqr(X)+Sqr(Y)); 
  if X=0 then begin 
    if Y=0 then T:=0 else T:=Pi/2*Y/Abs(Y) 
  end 
  else begin 
    T:=ArcTan(Y/X); 
    if X<0 then begin 
      if Y<0 then T:=T-Pi else T:=T+Pi 
    end 
  end 
end;  { Polar } 
 
procedure Polar4(X,Y : single; var R,T : single); 
begin 
  R:=Sqrt(Sqr(X)+Sqr(Y)); 
  if X=0 then begin 
    if Y=0 then T:=0 else T:=Pi/2*Y/Abs(Y) 
  end 
  else begin 
    T:=ArcTan(Y/X); 
    if X<0 then begin 
      if Y<0 then T:=T-Pi else T:=T+Pi 
    end 
  end 
end;  { Polar } 
 
procedure Polar3(X,Y : extended; var R,T : extended); 
begin 
  R:=Sqrt(Sqr(X)+Sqr(Y)); 
  if X=0 then begin 
    if Y=0 then T:=0 else T:=Pi/2*Y/Abs(Y) 
  end 
  else begin 
    T:=ArcTan(Y/X); 
    if X<0 then begin 
      if Y<0 then T:=T-Pi else T:=T+Pi 
    end 
  end 
end;  { Polar } 
 
procedure Parabola(X1,Y1,X2,Y2,X3,Y3:single;var X,Y:single); 
begin 







  Y:=Y1*(X-X2)*(X-X3)/((X1-X2)*(X1-X3))+ 
     Y2*(X-X3)*(X-X1)/((X2-X3)*(X2-X1))+ 
     Y3*(X-X1)*(X-X2)/((X3-X1)*(X3-X2)) 
end; 
 
procedure ComplexRoot(X,Y : double;var U,V,R : double); 
{ U+iV=Sqrt(X+iY) Note: Sqr(U)+Sqr(V)=R } 
var 
  U1 : double; 
begin 
  R:=Sqrt(Sqr(X)+Sqr(Y)); 
  U1:=Sqrt((R+X)/2);  U:=U1; 
  if Abs(Y) > Abs(X)*1e-4 then 
    V:=Y/U1/2 
  else 
    if X<0 then begin 
      U:=Abs(Y)/Sqrt(-X)/2; 
      V:=Sqrt((R-X)/2)   { Shouldn't there be a Sgn(Y) in 
here? } 
    end 
    else 
    if X=0 then V:=0 else V:=Y/Sqrt(X)/2 
end;  { ComplexRoot } 
 
PROCEDURE Wkb(Xbm,Ca,Nw:DOUBLE;BIndex:integer); 
VAR 
  N,N4,Ex,Fx,F1,F,Con,Pi2,Yo,Yx,Delx,Zox,Zoy, 
  
Zxx,Zxy,Sox,Soy,Deno,Sxx,Sxy,Denx,Mx,My,Zsx,Zsy,U,V,R,Re,Im
,X,Y,R1,T1,Nx, 
  
RhoW,DeloCa,Re1,Im1,CphiReal,CphiImag,Gx,Gy,Deng,Ny,Dx,Dy,D
en,Lnr,T : DOUBLE; 
  J  : integer; 
BEGIN 
  if CochlearModelType=1 then begin 
    Con:=CochlearGainFactor*Astapes*Exp(-
WKBScalaBMWidthDecay*Xbm)/(Bo*Dc); 
    N:=Nw; N4:=N*4; 
  end 
  else {if CochlearModelType=2 then } begin 
    RhoW:=1; {g/cm3 density of water} 
    Mo:=So/Sqr(2*Pi*Fo); 
    
Con:=CochlearGainFactor*Sqrt(RhoW/(Mo*Bo*Ao))*Astapes*Exp(-
3/(4*D2)*Xbm); 
    N4:=Sqrt(RhoW*Bo/(Mo*Ao))*2*D1*D2/(D1+D2); 
  end; 
  DeloCa:=Delo/Ca; 
  Ex:=Exp(-Xbm/Dc); 
  Fx:=Fo*Ex; 







  F1:=1/(Nn*Dt); 
  F:=0; 
  Pi2:=Pi/2+Pi;   { Note sign change } 
  Drr^[1]:=0;    Dii^[1]:=0;   {Dm^[1]:=0;  Dp^[1]:=Pi2;} 
  for J:=2 to Nn div 2 + 1 do begin 
    F:=F+F1; 
    Yo:=F/Fo; 
    Yx:=F/Fx; 
    Delx:=DeloCa/Yo; 
    ComplexRoot(1,-Delx,Gx,Gy,Deng); 
    Zox:=Yo*Gx; Zoy:=Yo*Gy; 
    Zxx:=Yx*Gx; Zxy:=Yx*Gy; 
    ComplexRoot(1-Sqr(Zox)+Sqr(Zoy),-
2*Zox*Zoy,Sox,Soy,Deno); 
    ComplexRoot(1-Sqr(Zxx)+Sqr(Zxy),-
2*Zxx*Zxy,Sxx,Sxy,Denx); 
    Mx:=N4*Gx/Deng; 
    My:=-N4*Gy/Deng; 
    Zsx:=(Zxx*Sxx+Zxy*Sxy)/Denx; 
    Zsy:=(Zxy*Sxx-Zxx*Sxy)/Denx; 
    ComplexRoot(Zsx,Zsy,U,V,R); 
    Re:=Zsx*U-Zsy*V; 
    Im:=Zsx*V+Zsy*U; 
    ComplexRoot((Zox*Sox+Zoy*Soy)/Deno,(Zoy*Sox-
Zox*Soy)/Deno,U,V,R); 
    X:=(Re*U+Im*V)/R; 
    Y:=(Im*U-Re*V)/R; 
    R1:=X*Mx-Y*My; 
    Y:=X*My+Y*Mx; 
    X:=R1;          { Resonant term X + i*Y } 
    Nx:=Sox-Zoy; 
    Ny:=Soy+Zox; 
    Dx:=Sxx-Zxy; 
    Dy:=Sxy+Zxx; 
    Den:=Sqr(Dx)+Sqr(Dy); 
    Polar((Nx*Dx+Ny*Dy)/Den,(Ny*Dx-Nx*Dy)/Den,R,U); 
    Lnr:=Ln(R+1e-20); 
    Re:=Exp(Lnr*Mx-U*My); 
    Im:=Lnr*My+U*Mx;                            { Phi = 
Re*Exp(i*Im) } 
{    Re1:=Re*Cos(Im);  Im1:=Re*Sin(Im);   Phi = Re1 + i*Im1 
temporary} 
    dSinCos(Im,Co,Si); 
    Re1:=Re*Co; Im1:=Re*Si; 
    IF BIndex=0 THEN BEGIN{ Calc C from Phi(L) } 
      if TerminateCochlea=0 then begin 
       {let forward and reverse solutions cancel at 
helicotrema  } 
        Cxx^[J]:=1+Sqr(Re1)-Sqr(Im1); 
        Cyy^[J]:=2*Re1*Im1; 
        Den:=Sqr(Cxx^[J])+Sqr(Cyy^[J]); 
        Cxx^[J]:=Cxx^[J]/Den; 







        Cyy^[J]:=-Cyy^[J]/Den 
      end 
      else begin  { only use forward solution } 
        Cxx^[J]:=1; 
        Cyy^[J]:=0 
      end 
    END 
    ELSE { Use C, Phi and 1/Phi TO get Helicotrema factor } 
    BEGIN 
      CphiReal:=Cxx^[J]*Re1-Cyy^[J]*Im1; 
      CphiImag:=Cxx^[J]*Im1+Cyy^[J]*Re1; 
      Den:=Sqr(Re1)+Sqr(Im1); 
      CphiReal:=CphiReal+((Cxx^[J]-1)*Re1+Cyy^[J]*Im1)/Den; 
      Im1:=CphiImag+((1-Cxx^[J])*Im1+Cyy^[J]*Re1)/Den; 
      Re1:=CphiReal;   { Replace original Phi(X) with this 
factor } 
      Drr^[J]:=Con*(Y*Re1+X*Im1);  { Note flipped sign here 
TO drive Bm down} 
      Dii^[J]:=Con*(Y*Im1-X*Re1); 
    END; 
  END; 
  Dii^[Nn div 2 +1]:=0; { Nyquist Imaginary term set TO zero 
FOR FFT } 
END; { Wkb } 
 
PROCEDURE Wkb2(Freq,Ca,Nw:DOUBLE); 
VAR 
  
N,N4,Ex,Fx,Con,Pi2,Yo,Yx,Delx,Zox,Zoy,Zxx,Zxy,Sox,Soy,Deno,
Sxx, 
  
Sxy,Denx,Mx,My,Zsx,Zsy,U,V,R,Re,Im,X,Y,R1,T1,Nx,Cx,Cy,Re1,I
m1, 
  
RhoW,DeloCa,CphiReal,CphiImag,Gx,Gy,Deng,Ny,Dx,Dy,Den,Lnr,T 
: DOUBLE; 
  J  : integer; 
BEGIN 
  DeloCa:=Delo/Ca; 
  for J:=0 to Nn do begin 
    if J=0 then X:=XbApex else X:=Xmin+(J-1)*DxStep; 
    Ex:=Exp(-X/Dc); 
    Fx:=Fo*Ex; 
    if CochlearModelType=1 then begin 
      Con:=CochlearGainFactor*Astapes*Exp(-
WKBScalaBMWidthDecay*X)/(Bo*Dc); 
      N:=Nw; N4:=N*4; 
    end 
    else if CochlearModelType=2 then begin 
      RhoW:=1; {g/cm3 density of water} 
      Mo:=So/Sqr(2*Pi*Fo); 







      
Con:=CochlearGainFactor*Sqrt(RhoW/(Mo*Bo*Ao))*Astapes*Exp(-
3/(4*D2)*X); 
      N4:=Sqrt(RhoW*Bo/(Mo*Ao))*2*D1*D2/(D1+D2); 
    end; 
    Pi2:=Pi/2+Pi;   { Note sign change } 
    Yo:=Freq/Fo; 
    Yx:=Freq/Fx; 
    Delx:=DeloCa/Yo; 
    ComplexRoot(1,-Delx,Gx,Gy,Deng); 
    Zox:=Yo*Gx; Zoy:=Yo*Gy; 
    Zxx:=Yx*Gx; Zxy:=Yx*Gy; 
    ComplexRoot(1-Sqr(Zox)+Sqr(Zoy),-
2*Zox*Zoy,Sox,Soy,Deno); 
    ComplexRoot(1-Sqr(Zxx)+Sqr(Zxy),-
2*Zxx*Zxy,Sxx,Sxy,Denx); 
    Mx:=N4*Gx/Deng; 
    My:=-N4*Gy/Deng; 
    Zsx:=(Zxx*Sxx+Zxy*Sxy)/Denx; 
    Zsy:=(Zxy*Sxx-Zxx*Sxy)/Denx; 
    ComplexRoot(Zsx,Zsy,U,V,R); 
    Re:=Zsx*U-Zsy*V; 
    Im:=Zsx*V+Zsy*U; 
    ComplexRoot((Zox*Sox+Zoy*Soy)/Deno,(Zoy*Sox-
Zox*Soy)/Deno,U,V,R); 
    X:=(Re*U+Im*V)/R; 
    Y:=(Im*U-Re*V)/R; 
    R1:=X*Mx-Y*My; 
    Y:=X*My+Y*Mx; 
    X:=R1;          { Resonant term X + i*Y } 
    Nx:=Sox-Zoy; 
    Ny:=Soy+Zox; 
    Dx:=Sxx-Zxy; 
    Dy:=Sxy+Zxx; 
    Den:=Sqr(Dx)+Sqr(Dy); 
    Polar((Nx*Dx+Ny*Dy)/Den,(Ny*Dx-Nx*Dy)/Den,R,U); 
    Lnr:=Ln(R+1e-20); 
    Re:=Exp(Lnr*Mx-U*My); 
    Im:=Lnr*My+U*Mx;                            { Phi = 
Re*Exp(i*Im) } 
    Re1:=Re*Cos(Im);  Im1:=Re*Sin(Im);  { Phi = Re1 + i*Im1 
temporary} 
    IF J=0 THEN BEGIN{ Calc C from Phi(L) } 
      if TerminateCochlea=0 then 
      begin {let forward and reverse solutions cancel at 
helicotrema  } 
        Cx:=1+Sqr(Re1)-Sqr(Im1); 
        Cy:=2*Re1*Im1; 
        Den:=Sqr(Cx)+Sqr(Cy); 
        Cx:=Cx/Den; 
        Cy:=-Cy/Den 
      end 







      else begin  { only use forward solution } 
        Cx:=1; 
        Cy:=0 
      end 
    END 
    ELSE BEGIN{ Use C, Phi and 1/Phi TO get Helicotrema factor 
} 
      CphiReal:=Cx*Re1-Cy*Im1; 
      CphiImag:=Cx*Im1+Cy*Re1; 
      Den:=Sqr(Re1)+Sqr(Im1); 
      CphiReal:=CphiReal+((Cx-1)*Re1+Cy*Im1)/Den; 
      Im1:=CphiImag+((1-Cx)*Im1+Cy*Re1)/Den; 
      Re1:=CphiReal;   { Replace original Phi(X) with this 
factor } 
      Drr^[J]:=Con*(Y*Re1+X*Im1);  { Note flipped sign here 
TO drive Bm down} 
      Dii^[J]:=Con*(Y*Im1-X*Re1) 
    END 
  END 
END; { Wkb2 } 
 
 
 
procedure TForm1.CochlearModel; 
var 
  BIndex,M,K : integer; 
  Upwd : boolean; 
  Maxs,Haz : single; 
begin 
{  AssignFile(HazFile,'C:\TEMP.HAZ');} 
  if DriveWritable then begin 
    
AssignFile(HazFile,CurrentDirectory+'\'+HazFileName+'.HAZ')
; 
    ReWrite(HazFile); 
  end; 
  New(Xr); New(Xi); New(X1r); New(X1i); New(Drr); New(Dii); 
New(Cxx); New(Cyy); 
  M:=Round(Log2(SizeS1+1)); 
  NnNearest:=Round(Exp(M*Ln(2))); 
  Nn:=NnNearest; 
  N:=Nn div 2; 
  StMax:=-1e6; StMin:=1e6; 
  for K:=0 to Nn-1 do begin 
    Ma^[K,-1]:=Sig[K];  {Store pressure in first column} 
    Ma^[K,0]:=Sig1[K];  {Store s.d. in second column} 
    if Sig1[K]>StMax then StMax:=Sig1[K]; 
    if Sig1[K]<StMin then StMin:=Sig1[K]; 
  end; 
  Ma^[-2,-1]:=PrMax; 
  Ma^[-1,-1]:=PrMin; 







  Ma^[-2,0]:=StMax; 
  Ma^[-1,0]:=StMin; 
  for K:=1 to XbufSize do begin 
    X1r^[K]:=0; 
    X1i^[K]:=0 
  end; 
  J:=0;  K:=1; 
  repeat 
    X1r^[K]:=Sig1[J]; Inc(J); 
    X1i^[K]:=Sig1[J]; Inc(J); 
    Inc(K) 
  until J>SizeS1; 
  ForwardFft(N,Dt,X1r,X1i); 
  Alpha:=-Ln(SWeightApex)/XbApex; 
  DeltX:=(XbmTo-XbmFrom)/(XbmNo-1); 
  Factoro:=SweightBase*Exp(-Alpha*XbmFrom); 
  Factor:=Factoro; 
  Ex:=Exp(-Alpha*DeltX); 
  MaxHazard:=0; 
  for BIndex:=0 to XbmNo do begin 
    if BIndex=0 then 
      Xbm:=XbApex { flag for helicotrema condition } 
    else begin 
      if XbmNo=1 then 
        Xbm:=XbmFrom 
      else 
        Xbm:=XbmFrom+(BIndex-1)*DeltX; 
    end; 
    Fplace:=1e-3*Fo*Exp(-Xbm/Dc); 
    Wkb(Xbm,Ca,Nw,BIndex); 
    if BIndex<>0 then begin 
      for K:=1 to N+1 do begin 
        Xr^[K]:=X1r^[K]*Drr^[K]-X1i^[K]*Dii^[K]; 
        Xi^[K]:=X1i^[K]*Drr^[K]+X1r^[K]*Dii^[K]; 
      end; 
      InverseFft(N,Dt,Xr,Xi); 
      J:=0; K:=1; 
      repeat 
        Sig1[J]:=Xr^[K]; Inc(J); 
        Sig1[J]:=Xi^[K]; Inc(J); 
        Inc(K) 
      until K>N; 
 
      BmdMax:=-1e6; BmdMin:=1e6; 
      Upwd:=FALSE; 
      Haz:=0; Maxs:=0; 
      J:=0; 
      repeat 
        Yy:=Sig1[J]; 
        Ma^[J,BIndex]:=Yy;  {Store BMD in BIndex } 
        if Yy>BmdMax then BmdMax:=Yy; 







        if Yy<BmdMin then BmdMin:=Yy; 
        if Yy>0 then begin 
          if Upwd then begin 
            if Yy*Factor>Maxs then Maxs:=Yy*Factor 
          end 
          else begin 
            Upwd:=TRUE; 
            Maxs:=Yy*Factor 
          end 
        end 
        else begin 
          if Upwd then begin 
            Upwd:=FALSE; 
            if Maxs>DamageThreshold then begin 
              Haz:=Haz+Exp(Bcoef*Ln(Maxs-DamageThreshold)) 
            end 
          end 
        end; 
        Inc(J) 
      until J=Nn; 
      Factor:=Factor*Ex; 
      Maxh[BIndex]:=Haz; 
      if MaxHazard<Maxh[BIndex] then begin 
        MaxHazard:=Maxh[BIndex]; 
        BIndexMax:=BIndex; 
      end; 
{      ProgressBar1.StepIt;} 
      Ma^[-3,BIndex]:=Haz; 
      Ma^[-2,BIndex]:=BmdMax; 
      Ma^[-1,BIndex]:=BmdMin; 
    end; { if BIndex<>0 } 
  end; { BIndex } 
{  ProgressBar1.Visible:=False;   } 
  if DriveWritable then WriteLn(HazFile,'BIndex Freq(kHz) 
Hazard(AHU) Distance(cm)'); 
  for BIndex:=1 to XbmNo do begin 
    Xbm:=XbmFrom+(BIndex-1)*DeltX; 
    Fplace:=1e-3*Fo*Exp(-Xbm/Dc); 
    if DriveWritable then WriteLn(HazFile,BIndex:4,'    
',Fplace:5:2,'  ',Maxh[BIndex]:11:5,'      ',Xbm{*1000}:5:3); 
  end; 
  if DriveWritable then CloseFile(HazFile); 
  Dispose(Cyy); Dispose(Cxx); Dispose(Dii); Dispose(Drr); 
  Dispose(X1i); Dispose(X1r); Dispose(Xi); Dispose(Xr); 
end; 
 
PROCEDURE FreqDomainModel; 
VAR 
  Er,Ei       : ARRAY[1..25] OF DOUBLE; 
  Ir,Ii       : ARRAY[1..25] OF DOUBLE; 
  Jj,Points    : integer; 







  
Wldf,CoshKl,Sinhc,Ekl,K2l,K2,SqrM,Am,M,K,CosKl,Sinc,K1l,K1,
Eml,Ml,Kl, 
  
Rrcl,Olpl,Orpl,A11,A12,A21,A22,Wl,Swl,F,Fmin,Fmax,Delta,W,W
2,Ow,Re,Im,Re1,Im1, 
  Mag,Phase,PhaseLast,PhaseAdd : DOUBLE; 
  S0,L0,L0c,L1c,L2c,Rcs0,Rcs1 : Single; 
BEGIN 
(* 
  if OpenMuff then begin 
    AssignFile(OutFText,'A-wt Mag1.txt'); 
    OpenMuff:=False; 
  end else begin 
    AssignFile(OutFText,'A-wt Mag2.txt'); 
    OpenMuff:=True; 
  end; 
  Rewrite(OutFText); 
*) 
  if UpDown=0 then Exit; 
{  SetColor(Color);} 
  M:=Ln(S2/S1)/(2*L2); { horn flare constant in cm^-1 } 
  SqrM:=Sqr(M); 
  Am:=Sqrt(S2/Pi);     { Radius of mouth of horn } 
 
  Rpl:=2*RhoC/S2; 
  Lpl:=3*0.85*Rho/(Pi*Am); 
  Ordf:=1/Rdf; 
  Oldf:=1/Ldf; 
  Orpl:=1/Rpl; 
  Olpl:=1/Lpl; 
 
  L0:=0.01; {see modunit, changed from 0.4 cm Wiener's meas. 
distance from eardrum } 
  L0c:=L0/C; 
  L1c:=(L1-L0)/C; {remaining inside tube length } 
  Rcs0:=RhoC/S1; 
  Rcs1:=RhoC/S1; 
 
  Nt2:=Nt*Nt; 
  Kalrw1:=(MemMagK/Cal+1/Crw)/Nt2; 
  Kmi1:=1/(Cmi*Nt2); 
  Kis1:=1/(Cis*Nt2); 
  Kdc :=1/Cdc; 
  Kds :=1/Cds; 
  Kb  :=1/Cb; 
  Km  :=1/Cm; 
  Rmi1:=Rmi/Nt2; 
  Ris1:=Ris/Nt2; 
  Ral1:=MemMagR*Ral/Nt2; 
  Rc1:=Rc/Nt2; 







  Ro1:=Ro/Nt2; 
  Lsv1:=(Ls+Lv)/Nt2; 
  Li1:=Li/Nt2; 
  Lo1:=Lo/Nt2; 
  {Kobrak(Pstatic);  Calculate initial displacements FOR 
bulla pressure } 
  Fmin:=50;  Fmax:=20000;  Points:=250; 
Delta:=Exp(Ln(Fmax/Fmin)/Points); 
  F:=Fmin;   PhaseLast:=0; PhaseAdd:=0; 
  Pi2:=2*Pi; 
  FOR Jj:=1 TO Points DO BEGIN 
    W:=Pi2*F;  W2:=W*W; Ow:=1/W; 
    Ir[1]:=1;            Ii[1]:=0; 
    ComplexMul(Ir[1],Ii[1],Ro1,W*Lo1,Er[1],Ei[1]); 
    Ir[2]:=Er[1]/Rc1;    Ii[2]:=Ei[1]/Rc1; 
    Ir[3]:=Ir[2]+Ir[1];  Ii[3]:=Ii[2]+Ii[1]; 
         {ComplexMul(Ir[3],Ii[3],Ral1,W*Lsv1-
(Kal2+Krw1)*Ow,Er[2],Ei[2]); See Kobrak} 
    ComplexMul(Ir[3],Ii[3],Ral1,W*Lsv1-
Kalrw1*Ow,Er[2],Ei[2]); 
    Er[3]:=Er[2]+Er[1];  Ei[3]:=Ei[2]+Ei[1]; 
    ComplexDiv(Er[3],Ei[3],Ris1,-Kis1*Ow,Ir[4],Ii[4]); 
    Ir[5]:=Ir[4]+Ir[3];  Ii[5]:=Ii[4]+Ii[3]; 
    ComplexMul(Ir[5],Ii[5],0,W*Li1,Er[4],Ei[4]); 
    Er[5]:=Er[4]+Er[3];  Ei[5]:=Ei[4]+Ei[3]; 
    ComplexDiv(Er[5],Ei[5],Rmi1,-Kmi1*Ow,Ir[6],Ii[6]); 
    Ir[7]:=Ir[6]+Ir[5];  Ii[7]:=Ii[6]+Ii[5]; 
    ComplexMul(Ir[7],Ii[7],Rdc,W*Ldm-Kdc*Ow,Er[6],Ei[6]); 
    Er[7]:=Er[6]+Er[5];  Ei[7]:=Ei[6]+Ei[5]; 
    ComplexDiv(Er[7],Ei[7],Rds,W*Lds-Kds*Ow,Ir[8],Ii[8]); 
    Ir[9]:=Ir[8]+Ir[7];  Ii[9]:=Ii[8]+Ii[7]; 
    ComplexDiv(1,0,Rh,W*Lh-Kb*Ow,Re,Im); 
    Im:=Im+W*Cm; 
    ComplexDiv(Ir[9],Ii[9],Re,Im,Er[8],Ei[8]); 
    Er[9]:=Er[8]+Er[7];  Ei[9]:=Ei[8]+Ei[7]; 
 
    Wl:=W*L0c; Swl:=Sin(Wl); A11:=Cos(Wl); A12:=Swl*Rcs0; 
A21:=Swl/Rcs0; 
    Er[10]:=Er[9]*A11-Ii[9]*A12;   
Ei[10]:=Ei[9]*A11+Ir[9]*A12; 
    Ir[10]:=Ir[9]*A11-Ei[9]*A21;   
Ii[10]:=Ii[9]*A11+Er[9]*A21; 
 
    Wl:=W*L1c; Swl:=Sin(Wl); A11:=Cos(Wl); A12:=Swl*Rcs1; 
A21:=Swl/Rcs1; 
    Er[11]:=Er[10]*A11-Ii[10]*A12; 
Ei[11]:=Ei[10]*A11+Ir[10]*A12; 
    Ir[11]:=Ir[10]*A11-Ei[10]*A21; 
Ii[11]:=Ii[10]*A11+Er[10]*A21; 
 
    K:=W/C; 







    Kl:=K*L2; 
    Ml:=M*L2; 
    Eml:=Exp(Ml); 
    if K>M then begin 
      K1:=Sqrt(Sqr(K)-SqrM); 
      K1L:=K1*L2; 
      Sinc:=Sin(K1L)/K1L; 
      CosKl:=Cos(K1L); 
      A11:=(CosKl+Ml*Sinc)/Eml; 
      A12:=Kl*Sinc*Rcs1/Eml; 
      A21:=Kl*Sinc*Eml/Rcs1; 
      A22:=(CosKl-Ml*Sinc)*Eml; 
    end 
    else if K<M then begin 
      K2:=Sqrt(SqrM-Sqr(K)); 
      K2l:=K2*L2; 
      Ekl:=Exp(K2l); 
      Sinhc:=0.5*(Ekl-1/Ekl)/K2l; 
      CoshKl:=0.5*(Ekl+1/Ekl); 
      A11:=(CoshKl+Ml*Sinhc)/Eml; 
      A12:=Kl*Sinhc*Rcs1/Eml; 
      A21:=Kl*Sinhc*Eml/Rcs1; 
      A22:=(CoshKl-Ml*Sinhc)*Eml; 
    end 
    else begin { K = M } 
      A11:=(1+Ml)/Eml; 
      A12:=Ml*Rcs1/Eml; 
      A21:=Ml*Eml/Rcs1; 
      A22:=(1-Ml)*Eml; 
    end; 
    Er[12]:=Er[11]*A11-Ii[11]*A12; 
Ei[12]:=Ei[11]*A11+Ir[11]*A12; 
    Ir[12]:=Ir[11]*A22-Ei[11]*A21; 
Ii[12]:=Ii[11]*A22+Er[11]*A21; 
 
    ComplexDiv(Ir[12],Ii[12],Orpl,-Ow*Olpl,Er[13],Ei[13]); 
    Er[14]:=Er[13]+Er[12];  Ei[14]:=Ei[13]+Ei[12]; 
    WLdf:=W*Ldf; 
    ComplexMul(Rdf,WLdf,Er[14],Ei[14],Re,Im); 
    ComplexDiv(Re-WLdf*Rdf*Ii[12],Im+WLdf*Rdf*Ir[12], 
               Alphar*Rdf-
Betai*WLdf,Alphai*Rdf+WLdf*Betar,Er[15],Ei[15]); 
 
(* 
    ComplexMul(Er[14],Ei[14],0,W*Ccp1,Ir[21],Ii[21]); 
    Ir[22]:=Ir[21]+Ir[12];  Ii[22]:=Ii[21]+Ii[12]; 
    ComplexDiv(Rec1*Rsk1-Ow*Ow*Kec1*Ksk1,-
Ow*(Rec1*Ksk1+Rsk1*Kec1), 
               Rec1+Rsk1,-Ow*(Kec1+Ksk1),Re,Im); 
    ComplexDiv(Rleak*Re,-(Im+W*Lec1)*W*Lleak, 
               Rleak+Re,Im+W*(Lec1+Lleak),Re1,Im1); 







    ComplexMul(Ir[22],Ii[22],Re1,Im1,Er[21],Ei[21]); 
    Er[22]:=Er[21]+Er[14];  Ei[22]:=Ei[21]+Ei[14]; 
    ComplexMul(Rdf,WLdf,Er[22],Ei[22],Re,Im); 
    ComplexDiv(Re-WLdf*Rdf*Ii[22],Im+WLdf*Rdf*Ir[22], 
               Alphar*Rdf-
Betai*WLdf,Alphai*Rdf+WLdf*Betar,Er[23],Ei[23]); 
*) 
 
    { Reverse impedance: Let current into parallel Rdf and 
Ldf be 1+i0 } 
    Ir[18]:=1; Ii[18]:=0; 
    ComplexDiv(Ir[18],Ii[18],Ordf,-Ow*Oldf,Er[16],Ei[16]); 
    ComplexDiv(Ir[18],Ii[18],Orpl,-Ow*Olpl,Er[17],Ei[17]); 
    Er[18]:=Er[16]+Er[17];  Ei[18]:=Ei[16]+Ei[17]; 
    if K>M then begin 
      K1:=Sqrt(Sqr(K)-SqrM); 
      K1L:=K1*L2; 
      Sinc:=Sin(K1L)/K1L; 
      CosKL:=Cos(K1L); 
      A11:=(CosKl-Ml*Sinc)*Eml; 
      A12:=Kl*Sinc*Rcs1/Eml; 
      A21:=Kl*Sinc*Eml/Rcs1; 
      A22:=(CosKl+Ml*Sinc)/Eml; 
    end 
    else if K<M then begin 
      K2:=Sqrt(SqrM-Sqr(K)); 
      K2l:=K2*L2; 
      Ekl:=Exp(K2l); 
      Sinhc:=0.5*(Ekl-1/Ekl)/K2l; 
      CoshKL:=0.5*(Ekl+1/Ekl); 
      A11:=(CoshKl-Ml*Sinhc)*Eml; 
      A12:=Kl*Sinhc*Rcs1/Eml; 
      A21:=Kl*Sinhc*Eml/Rcs1; 
      A22:=(CoshKl+Ml*Sinhc)/Eml; 
    end 
    else begin { K = M } 
      A11:=(1-Ml)*Eml; 
      A12:=Ml*Rcs1/Eml; 
      A21:=Ml*Eml/Rcs1; 
      A22:=(1+Ml)*Eml; 
    end; 
    Er[19]:=Er[18]*A11-Ii[18]*A12; 
Ei[19]:=Ei[18]*A11+Ir[18]*A12; 
    Ir[19]:=Ir[18]*A22-Ei[18]*A21; 
Ii[19]:=Ii[18]*A22+Er[18]*A21; 
 
    { Rosowski's source is probably at the eardrum } 
    Wl:=W*(L1c{+L0c}); Swl:=Sin(Wl); A11:=Cos(Wl); 
A12:=Swl*Rcs1; A21:=Swl/Rcs1; 
    Er[20]:=Er[19]*A11-Ii[19]*A12; 
Ei[20]:=Ei[19]*A11+Ir[19]*A12; 







    Ir[20]:=Ir[19]*A11-Ei[19]*A21; 
Ii[20]:=Ii[19]*A11+Er[19]*A21; 
 
    IF PlotType='MFFED' THEN BEGIN {HRTF Mag: FreeField TO 
eardrum pressure } 
      ComplexDiv(Er[10],Ei[10],Er[15],Ei[15],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Mag:=20*Log10(Mag) 
    END ELSE IF PlotType='PFFED' THEN BEGIN {HRTF Phase: 
FreeField TO eardrum pressure } 
      ComplexDiv(Er[10],Ei[10],Er[15],Ei[15],Re,Im); 
      Polar2(Re,Im,Mag,Phase); 
      Phase:=Phase+W*Tau; 
      IF Phase-PhaseLast>Pi THEN PhaseAdd:=PhaseAdd-Pi2 
      ELSE IF Phase-PhaseLast<-Pi THEN 
PhaseAdd:=PhaseAdd+Pi2; 
      Mag:=(Phase+PhaseAdd)/(Pi2); 
      PhaseLast:=Phase 
    END ELSE IF PlotType='MRIED' THEN BEGIN {External-ear 
radiation impedance at eardrum } 
      ComplexDiv(Er[20],Ei[20],Ir[20],Ii[20],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Mag:=20*Log10(Mag) 
    END ELSE IF PlotType='PRIED' THEN BEGIN 
      ComplexDiv(Er[20],Ei[20],Ir[20],Ii[20],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Mag:=Phase/(Pi2) 
    END ELSE IF PlotType='MEDCP' THEN BEGIN {Eardrum pr to 
intra-cochlear pr} 
      ComplexDiv(Er[1],Ei[1],Er[7],Ei[7],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Mag:=Nt*mag; 
      Mag:=-3.3+20*Log10(Mag) 
    END ELSE IF PlotType='PEDCP' THEN BEGIN 
      ComplexDiv(Er[1],Ei[1],Er[7],Ei[7],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Mag:=Phase/(Pi2) 
    END ELSE IF PlotType='MEDZ' THEN BEGIN {Eardrum 
magnitude} 
      ComplexDiv(Er[10],Ei[10],Ir[10],Ii[10],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Mag:=20*Log10(Mag) 
    END ELSE IF PlotType='PEDZ' THEN BEGIN {Eardrum phase } 
      ComplexDiv(Er[10],Ei[10],Ir[10],Ii[10],Re,Im); 
      Polar2(Re,Im,Mag,Phase); 
      Mag:=Phase/(Pi2) 
    END ELSE IF PlotType='MEDSTV' THEN BEGIN {Stapes vol vel} 
      ComplexDiv(Ir[3],Ii[3],Er[10],Ei[10],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Mag:=20*Log10(Mag/Nt) 
    END ELSE IF PlotType='MFFSTV' THEN BEGIN {Stapes vol vel} 







      ComplexDiv(Ir[3],Ii[3],Er[15],Ei[15],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Mag:=20*Log10(Mag/Nt)+80 
    END ELSE IF PlotType='PEDSTV' THEN BEGIN 
      ComplexDiv(Ir[3],Ii[3],Er[10],Ei[10],Re,Im); 
      Polar2(Re,Im,Mag,Phase); 
      IF Phase-PhaseLast>Pi THEN PhaseAdd:=PhaseAdd-Pi2 
      ELSE IF Phase-PhaseLast<-Pi THEN 
PhaseAdd:=PhaseAdd+Pi2; 
      Mag:=(Phase+PhaseAdd)/(Pi2); 
      PhaseLast:=Phase 
    END ELSE IF PlotType='MPEC' THEN BEGIN {EarplugInsertion 
Loss FOR Pressure at eardrum } 
      ComplexDiv(Er[15],Ei[15],Er[23],Ei[23],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Mag:=20*Log10(Mag) 
    END; 
{   if Odd(MakeXfrFile) then WriteLn(TextFile,F:1:1,' 
',Mag:3:3);} 
    WriteLn(OutFText,F:8:2,#9,Mag:7:2); 
    Xx:=Log10(F); Yy:=Mag; Scale; 
    IF Jj=1 THEN 
      Form1.Canvas.MoveTo(Xin,Yin) 
    ELSE 
      Form1.Canvas.LineTo(Xin,Yin); 
    F:=F*Delta; 
  END; 
  CloseFile(OutFText) 
END; { FreqDomainModel} 
 
 
 
 
procedure PlotPoly(X,Y: single; Nsides: integer);  { plot 
Polygon } 
var 
  S, C, Xp, Yp, Temp, Size : single; 
  I  : integer; 
begin 
  Size := Round(PlotWidth/130); 
  S := Sin(2*PI/Nsides); 
  C := Cos(2*PI/Nsides); 
  case Nsides of 
    3  :  begin Xp := 0;                Yp := Size*0.6 end; 
    4  :  begin Xp := Size*0.707/2*1.2; Yp := Size*0.707/2*1.2 
end; 
   else   begin Xp := 0;                Yp := Size*0.5   end; 
  end; { case } 
  Xx:=X; Yy:=Y; Scale; 
  with Form1.Canvas do begin 
    Pixels[Xin,Yin]:=Pen.Color; 







    MoveTo(Round(Xin-Xp),Round(Yin-Yp)); 
    for I := 0 to Nsides do begin 
      LineTo(Round(Xin-Xp),Round(Yin-Yp)); 
      Temp := Xp*C-Yp*S; 
      Yp   := Xp*S+Yp*C; 
      Xp   := Temp; 
    end; 
  end; 
end; 
 
procedure PlotPoly2(X,Y: single; Nsides: integer);  { plot 
Polygon } 
var 
  S, C, Xp, Yp, Temp, Size : single; 
  I  : integer; 
begin 
  Size := Round(PlotWidth/130); 
  S := Sin(2*PI/Nsides); 
  C := Cos(2*PI/Nsides); 
  case Nsides of 
    3  :  begin Xp := 0;                Yp := Size*0.6 end; 
    4  :  begin Xp := Size*0.707/2*1.2; Yp := Size*0.707/2*1.2 
end; 
   else   begin Xp := 0;                Yp := Size*0.5   end; 
  end; { case } 
  Xx:=X; Yy:=Y; Scale2; 
  with Form1.Canvas do begin 
    Pixels[Xin,Yin]:=Pen.Color; 
    MoveTo(Round(Xin-Xp),Round(Yin-Yp)); 
    for I := 0 to Nsides do begin 
      LineTo(Round(Xin-Xp),Round(Yin-Yp)); 
      Temp := Xp*C-Yp*S; 
      Yp   := Xp*S+Yp*C; 
      Xp   := Temp; 
    end; 
  end; 
end; 
 
 
procedure ReadTransferFunctionFile; 
begin 
  Reset(Tf); 
  ReadLn(Tf,St); 
  ReadLn(Tf,St1); 
  ReadLn(Tf,TitleLabel); 
  ReadLn(Tf,UpDown); 
  ReadLn(Tf,Xmin,Xmax); 
  ReadLn(Tf,Ymin,Ymax,Ystep,Ny); 
  Xmin:=Log10(Xmin);  Xmax:=Log10(Xmax); 
  J:=1; 
  repeat 







    ReadLn(Tf,Xdata[J],Xfreq[J]); 
    Inc(J); 
    if J>70 then Dec(J); 
  until EOF(Tf); 
  Npt:=J-1; 
end; 
 
procedure TForm1.DynaMenuClick(Sender: TObject); 
var 
  Selection : string; 
  BIndex,Wrap : integer; 
  Phase,PhaseLast,Gain : double; 
begin 
  ClearCanvas; 
  Selection:=(Sender as TMenuItem).Caption; 
  TransferChoice:=ord(Selection[2])-65;  { alphabetic 
shortcut characters conv. to list index } 
  if (0<=TransferChoice) and (TransferChoice<=Npk-3) then 
begin 
  {$I-}  { Magnitude } 
    
AssignFile(Tf,AhaahDirectory+'\DAT\'+DataFile[2*TransferCho
ice]); 
    Reset(Tf); 
  {$I+} 
    if IOResult=0 then begin{ file exists } 
      ReadTransferFunctionFile; 
      CloseFile(Tf); 
      Yoffset:=0; 
      PlotLogAxes; 
      Canvas.Pen.Color:=clBlue; 
      for J:=1 to Npt do 
        PlotPoly(Log10(1000*Xfreq[J]),Xdata[J],16);  { plot 
Polygon } 
      PlotType:=DfType[2*TransferChoice]; 
      MemMagKTemp:=MemMagK;   MemMagRTemp:=MemMagR; 
      MemMagK:=1; MemMagR:=1; 
      Canvas.Pen.Color:=ClSilver; 
      FreqDomainModel; 
      MemMagK:=MemMagKTemp;   MemMagR:=MemMagRTemp; 
      Canvas.Pen.Color:=clMaroon; 
      FreqDomainModel; 
    end; 
  {$I-} { Phase } 
    
AssignFile(Tf,AhaahDirectory+'\DAT\'+DataFile[2*TransferCho
ice+1]); 
    Reset(Tf); 
  {$I+} 
    if IOResult=0 then begin{ file exists } 
      ReadTransferFunctionFile; 







      CloseFile(Tf); 
      Yoffset:=GraphHeight-0; 
      PlotLogAxes; 
      Canvas.Pen.Color:=clBlue; 
      for J:=1 to Npt do 
        PlotPoly(Log10(1000*Xfreq[J]),Xdata[J],16);  { plot 
Polygon } 
      PlotType:=DfType[2*TransferChoice+1]; 
      MemMagKTemp:=MemMagK;   MemMagRTemp:=MemMagR; 
      MemMagK:=1;             MemMagR:=1; 
      Canvas.Pen.Color:=ClSilver; 
      FreqDomainModel; 
      MemMagK:=MemMagKTemp;   MemMagR:=MemMagRTemp; 
      Canvas.Pen.Color:=ClMaroon; 
      FreqDomainModel 
    end 
  end 
  else if TransferChoice=Npk-2 then begin { All freqs at 
single place } 
    Nn:=4096; 
    Dt:=10e-6; 
    F1:=1/(Nn*Dt); 
    New(Drr); New(Dii); New(Cxx); New(Cyy); 
    Xbm:=3; 
    GetNumR('Distance from stapes in cm.',0,3.5,Xbm); 
    St:='BM DISPLACEMENT / STAPES DISPLACEMENT'; 
    St1:='DECIBELS'; 
    TitleLabel:='WKB 1-D COCHLEAR MODEL'; 
    Xmin:=Log10(50);  Xmax:=Log10(10000); 
    Ymin:=-40; Ymax:=40; Ystep:=2; Ny:=5; 
    Yoffset:=0; { magnitude } 
    PlotLogAxes; 
    BIndex:=0; { flag for boundary condition at helicotrema 
} 
    Wkb(XbApex{+XbTerm},Ca,Nw,BIndex); 
    BIndex:=1; { now calculate at Xbm place using Cx and Cy 
boundary condition } 
    Wkb(Xbm,Ca,Nw,BIndex); 
    Form1.Canvas.Pen.Color:=clSilver; 
    for K:=2 to Nn div 2 do begin 
      Xx:=Log10((K-1)*F1); 
Yy:=10*Log10(Sqr(Drr^[K])+Sqr(Dii^[K])); Scale; 
      if K=2 then Form1.Canvas.MoveTo(Xin,Yin) else 
Form1.Canvas.LineTo(Xin,Yin); 
    end; 
    if Xbm=3 then begin 
      {$I-} 
      AssignFile(Tf,AhaahDirectory+'\DAT\BK1157M.DAT'); 
      Reset(Tf); 
      {$I+} 
      if IOResult=0 then begin{ file exists } 
        Form1.Canvas.Pen.Color:=clMaroon; 







        while not Eof(Tf) do begin 
          ReadLn(Tf,Y,X); 
          if Log10(1000*X)>=Xmin then 
PlotPoly(Log10(1000*X),Y+10,16) 
        end; 
        CloseFile(Tf) 
      end; 
    end; 
 
    St:='BM DISPLACEMENT / STAPES DISPLACEMENT'; 
    St1:='PHASE / PI'; 
    TitleLabel:=''; 
    Xmin:=Log10(50);  Xmax:=Log10(10000); 
    Ymin:=-4; Ymax:=0.5; Ystep:=0.1; Ny:=5; 
    Yoffset:=GraphHeight; 
    PlotLogAxes; 
    Form1.Canvas.Pen.Color:=clSilver; 
    Wrap:=0; Pi2:=2*Pi; 
    PhaseLast:=Phase; 
    for K:=2 to Nn div 2 do begin 
      Xx:=Log10((K-1)*F1); 
      Phase:=ArcTan2(-Dii^[K],-Drr^[K]); 
      Phase:=Phase+Wrap*Pi2; 
      if Phase-PhaseLast>Pi then begin 
        Dec(Wrap); 
        Phase:=Phase-Pi2 
      end 
      else if Phase-PhaseLast<-Pi then begin 
        Inc(Wrap); 
        Phase:=Phase+Pi2 
      end; 
      Yy:=Phase; Scale; 
      if K=2 then Form1.Canvas.MoveTo(Xin,Yin) else 
Form1.Canvas.LineTo(Xin,Yin); 
      PhaseLast:=Phase; 
    end; 
    Dispose(Drr); Dispose(Dii); Dispose(Cxx); Dispose(Cyy); 
    if Xbm=3 then begin 
      {$I-} 
      AssignFile(Tf,AhaahDirectory+'\DAT\BK1157P.DAT'); 
      Reset(Tf); 
      {$I+} 
      if IOResult=0 then begin{ file exists } 
        Form1.Canvas.Pen.Color:=clMaroon; 
        while not Eof(Tf) do begin 
          ReadLn(Tf,Y,X); 
          if Log10(1000*X)>=Xmin then 
PlotPoly(Log10(1000*X),Y,16) 
        end; 
        CloseFile(Tf) 
      end; 







    end; 
  end 
  else if TransferChoice=Npk-1 then begin { All places at 
single freq} 
    MessageDlg('Bekesy''s test frequencies 
(25,50,100,200,400,800,1600 Hz)', 
                mtInformation,[mbok],0); 
    Freq:=1600; 
    GetNumR('Frequency in Hz',1,30000,Freq); 
    Ymin:=Log10(0.001); Ymax:=Log10(50); Ystep:=2; Ny:=5; 
    VertLabel:='BM DISPLACEMENT / STAPES DISPLACEMENT'; 
    VertLabel2:=''; 
    TitleLabel:='WKB 1-D COCHLEAR MODEL'; 
    Xmin:=0;  Xmax:=XbApex; Xstep:=0.1;  Nx:=5; 
    HorizLabel:='DISTANCE FROM STAPES IN CM.'; 
    Yoffset:=0; 
    PlotLogAxes2; 
    New(Drr); New(Dii); 
    Nn:=1000; 
    DxStep:=(Xmax-Xmin)/(Nn-1); 
    Wkb2(Freq,Ca,Nw); 
    for K:=2 to Nn  do begin 
      Xx:=Xmin+(K-1)*DxStep; 
Yy:=0.5*Log10(Sqr(Drr^[K])+Sqr(Dii^[K])); Scale; 
      if K=2 then Form1.Canvas.MoveTo(Xin,Yin) else 
Form1.Canvas.LineTo(Xin,Yin); 
    end; 
    Dispose(Drr); Dispose(Dii); 
    Str(Freq:0:0,St); 
    {$I-} 
    St:=AhaahDirectory+'\DAT\BK'+St+'.DAT'; 
    AssignFile(Tf,St); 
    Reset(Tf); 
    {$I+} 
    if IOResult=0 then begin{ file exists } 
      Form1.Canvas.Pen.Color:=clMaroon; 
      ReadLn(Tf,Gain); 
      while not Eof(Tf) do begin 
        ReadLn(Tf,Y,X); 
        Y:=Gain*(abs(Y)+1e-6); 
        Y:=Log10(Y); 
        if X>=Xmin then PlotPoly(0.1*X,Y,16) 
      end; 
      CloseFile(Tf) 
    end; 
 
 
  end; 
 
 { MessageDlg('You selected 
'+Selection,mtInformation,[mbok],0); } 







{  FreqDom := TFreqDomain.Create(Self); 
  Memo1.Visible := False; 
  FreqDom.Visible := True; 
  FreqDom.BodePlot; 
  FreqDom.SetFocus; 
} 
end; 
 
procedure TForm1.PopupItemClick(Sender: TObject); 
var 
  MI : TMenuItem; 
begin 
  if NOT (Sender is TMenuItem) then begin 
    ShowMessage('Hm, if this was not called by Menu Click, 
who called this?!'); 
    ShowMessage(Sender.ClassName); 
    exit; 
  end; 
  MI:=TMenuItem(sender); 
//  ShowMessage(Format('Clicked on "%s", TAG value: 
%d',[MI.Name,MI.Tag])); 
  HPDChoice:=MI.Tag; 
  GetHPDData; 
end; 
 
procedure TForm1.FormCreate(Sender: TObject); 
var 
  MyJPEG,MyJPEG2 : TJPEGImage; 
  I,u,w,h,Xin,YinCopyWidth,CopyWidth,CopyHeight,X1,Y1 : 
integer; 
  St,DummyString,DummyString2 : string; 
  NewItem, ToItem, MI : TMenuItem; 
  MS: TMemoryStatus; 
 
begin 
  Ln10_10:=Ln(10)/10; 
  HRT:=THRTimer.Create; 
  GlobalMemoryStatus(MS); 
  AvailPhysMem:=Round(Ms.dwAvailPhys); 
//  SbufSize0:=Round(0.2*0.25*AvailPhysMem); {four bytes per 
sample} 
  SbufSize0:=Round(0.1*0.25*AvailPhysMem); {four bytes per 
sample} 
  SetLength(Sig,SbufSize0);  {pressure waveform} 
  SetLength(Sig1,SbufSize0); {st disp waveform} 
  SetLength(ISig,SbufSize0); {backup storage multipld hpd 
runs} 
  SetLength(Sig2,SbufSize0); 
  New(Ma); 
{  New(Sig);  { pressure waveform } 
{  New(Sig1);  { st disp waveform } 







  Magnify:=Sqrt(10);    { 95% person,  Magnify =1 for average 
person } 
  MEMwarned:=True; 
  AssignFile(Tf,'Man.Fig'); 
  Reset(Tf); 
  ReadLn(Tf,DataFile[0]); { Read Coef file } 
  CoeFile:=Trim(DataFile[0]); 
  ReadLn(Tf,DummyString);  {read main form caption} 
{  Caption:=DummyString;} 
  ReadLn(Tf,Npk); { number of transfer function picks } 
  ToItem:=MainMenu1.Items[2];  { put dynamic submenu under 
third main menu item } 
  for I:=0 to Npk-1 do ReadLn(Tf,Xpicks[I]); 
  Xpicks[Npk]:='Stapes to Basilar Membrane displacement at 
all frequencies at single place'; 
  Xpicks[Npk+1]:='Stapes to Basilar Membrane displacement at 
all places at single frequency'; 
  Npk:=Npk+2; 
  for I:=0 to Npk-1 do begin 
    NewItem:=TMenuItem.Create(ToItem); 
    NewItem.Caption:='&'+Chr(ToItem.Count+65)+'. 
'+Xpicks[I]; 
    NewItem.OnClick:=DynaMenuClick; 
    ToItem.OnClick:=nil; 
    ToItem.Insert(ToItem.Count,NewItem); 
  end; 
  ReadLn(Tf,Ndf);  { number of data files } 
  for I:=0 to Ndf-1 do begin 
    ReadLn(Tf,DfType[I],DataFile[I]); 
    DfType[I]:=TrimRight(DfType[I]); 
    DataFile[I]:=TrimRight(DataFile[I]) 
  end; 
  CloseFile(Tf); 
{  ReadValues('MAN.COE');} 
  ReadValues(CoeFile); 
  ModelValues; 
  Application.ProcessMessages; 
  Canvas.Brush.Style:=bsSolid; 
  Canvas.Brush.Color:=clWhite; 
  Memo1.Visible:=False; 
  Memo2.Visible:=False; 
  Memo3.Visible:=False; 
  Panel1.Visible:=False; 
  PopupMenu1.AutoPopUp:=False; 
  IndexEnabled:=False; 
  EditEnabled:=False; 
  FormPaintEnabled:=False; 
  HeadEnabled:=False; 
  StringGrid1Entered:=False; 
  FileOpen:=False; 
  MovieOpen:=False; 
  HelpDisplayed:=False; 







  MainMenu1.Items[1].Enabled:=False; { Analyze } 
  MainMenu1.Items[3].Enabled:=True; { Batch } 
  MainMenu1.Items[0].Items[1].Enabled:=False; { Overlay AHA 
} 
  MainMenu1.Items[0].Items[4].Enabled:=False; { Save AHA 
(line is 3)} 
  MainMenu1.Items[0].Items[5].Enabled:=False; { Save AHA AS} 
  MainMenu1.Items[0].Items[6].Enabled:=False; { Save WAV } 
{  PopupMenu1.Items[13].Enabled:=True;  Ray tracing } 
  DialogOpened:=False; 
 
  MyJPEG:=TJPEGImage.Create; 
  with MyJPEG do begin 
    LoadFromFile('EarModel.jpg'); 
    CopyBitMap:=TBitmap.Create; 
    with CopyBitMap do begin 
      Width:=Form1.ClientWidth; 
      Height:=Form1.ClientHeight; 
      Width:=MyJPEG.WIdth; 
      Height:=MyJPEG.Height; 
      Canvas.Draw(0,0,MyJPEG); 
    end; 
  end; 
 
  MyJPEG2:=TJPEGImage.Create; 
  with MyJPEG2 do begin 
    LoadFromFile('Image5.jpg'); 
    CopyBitMap2:=TBitmap.Create; 
    with CopyBitMap2 do begin 
      Width:=MyJPEG2.WIdth; 
      Height:=MyJPEG2.Height; 
      Canvas.Draw(0,0,MyJPEG2); 
    end; 
  end; 
 
  PauseFlag:=1; 
  Form1.Visible:=True; 
  Form1.Canvas.StretchDraw(Form1.ClientRect,CopyBitMap); 
//  Form1.Canvas.Draw(300,200,CopyBitMap2); 
  Application.ProcessMessages; 
  Xin:=300; Yin:=Round(0.6*Xin);  w:=Xin-Yin; 
  with Form1.Canvas do begin 
    Font.Color:=RGB(255,0,0); 
   { Font.Color:=clRed;} {clFuchsia;} 
    Font.Name:='Times New Roman'; 
    Font.Style:=[fsBold{,fsItalic}]; 
    Font.Size:=32; 
    St:='MIL-STD 1474E'; 
    u:=4; 
    w:=TextWidth(St) div 2; h:=TextHeight(St) div 2; 
    Xin:=ClientWidth div 2;  Yin:=Round(0.075*ClientHeight); 







    OldBkMode:=SetBkMode(Handle,TRANSPARENT); 
    TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), St); 
    SetBkMode(Handle,OldBkMode); 
  end; 
  CopyWidth:=Form1.ClientWidth; 
  CopyHeight:=Form1.ClientHeight; 
  X1:=0; 
  Y1:=0; 
  CopyBitMap.Width:=CopyWidth; 
  CopyBitMap.Height:=CopyHeight; 
  DestRect:=Rect(0,0,CopyWidth,CopyHeight); 
  {Copy the portion of the main form surrounded by the 
bounding rectangle to the bitmap } 
  SrcRect:=Rect(X1,Y1,X1+CopyWidth,Y1+CopyHeight); 
  
CopyBitMap.Canvas.CopyRect(DestRect,Form1.Canvas,SrcRect); 
  FormClicked:=False; 
  PlotNew:=True; 
  OpenMuff:=False; 
  GetDir(0,AhaahDirectory); 
  OpenDialog1.InitialDir:=AhaahDirectory;{'' or 'Dat';} 
  SamplesCell:=False; 
  SampleRateCell:=False; 
  TitleCell:=False; 
  MicRelEarCell:=False; 
  GraphHeight:=Round(0.5*Form1.ClientHeight); 
  GraphWidth:=Form1.ClientWidth; 
  Yoffset:=GraphHeight; 
  Xtick:=Round(0.1*1.5*0.33*0.13*PlotWidth); 
  Ytick:=Round(0.1*1.5*0.13*PlotHeight); 
  Ln10:=Ln(10); 
  Ln10_10:=Ln(10)/10; 
  Ln10_20:=Ln(10)/20; 
  Ln2:=Ln(2); 
  FFED:=10; { FFCE*10 + CEED, FFCE=0 FF, 1:90d, 2:0d, 3:090d,  
CEED=0:CE but no ED, 1:ED } 
  AssignFile(InFText,AhaahDirectory+'\HPD Atten.txt'); 
  Reset(InFText); 
(* 
  MI:=TMenuItem.Create(Self); 
  J:=3; 
  MI.Caption:='Sub-Sub-Menu Item '+IntToStr(J); 
  MI.OnClick:=PopupItemClick; 
  MI.Name:='Joel'; 
*) 
  Jj:=-1;{ number of hearing protector } 
  ReadLn(InFText,DummyString);        { skip 1st Opening line  
} 
  ReadLn(InFText,DummyString);        { skip 2nd Opening line  
} 
  ReadLn(InFText,DummyString);        { skip 3rd Opening line  
} 







  ReadLn(InFText,DummyString);        { skip 4th Opening line  
} 
  while not Eof(InFText) do begin 
    Inc(Jj); J:=0; K:=0; 
    Done:=False; LineDone:=False; FreqDone:=False; 
    St0:=''; St1:=''; St2:=''; St3:=''; St4:=''; St5:=''; 
    ReadLn(InFText,St); Kk:=length(St); { frequency title } 
    ReadLn(InFText,DummyString);        { skip means  } 
    ReadLn(InFText,DummyString);        { skip st dev } 
    ReadLn(InFText,DummyString2);        { EACV } 
    if St='' then 
      Done:=True 
    else begin 
      Inc(J); 
      St5:=ReadString(St,J); 
    end; 
    St5:=AnsiUpperCase(St5); 
    for K:=1 to length(St5) do begin 
      if ord(St5[K]) in 
[$22,$2A,$2D,$2E,$2F,$3A,$3C,$3E,$3F,$5C,$7C] then 
St5[K]:='_'; 
    end; 
    K:=0;       { read K freq values, stop on empty cell } 
    repeat 
      St0:=ReadString(St,J); 
      val(St0,Hpd[K,0],Code); 
      Inc(K); 
      if Code<>0 then begin FreqDone:=True; Dec(K); Dec(K) 
end; { code =0 for empty or non-numeric cell } 
    until FreqDone; 
    Nfreq:=K;  {0..Nfreq} 
    Str(Nfreq:2,St4); if St4[1]=' ' then St4[1]:='0'; 
    while not (UpCase(St[J]) in ['P','D']) do Inc(J);  { go 
until get P or D } 
    St1:=AnsiUpperCase(ReadString(St,J));              { read 
til #9 } 
    St2:=AnsiUpperCase(ReadString(St,J));              { read 
U or O } 
    St3:=AnsiUpperCase(ReadString(St,J));              { read 
D M N P Q O} 
    if length(St3)=1 then St3:=St3+Chr($20);           { match 
muff, M with two char OM other muff} 
    if length(St3)>2 then St3:=Copy(St3,1,2); 
    case length(St1) of 
    1: St1:=St1+'   '; 
    2: St1:=St1+'  '; 
    3: St1:=St1+' '; 
    end; 
    Htype[Jj]:=St4+St1+St2+St3+St5; 
    if (St1[1]='D')then begin 
      MI:=TMenuItem.Create(Self); 
      PopUpMenu1.Items[7].Items[0].Add(MI); 







      MI.Caption:=St5; 
      MI.Tag:=Jj; 
      MI.OnClick:=PopupItemClick; 
    end; 
    { either P or D or PD } 
    if St1[2]='D' then 
      St5:=Copy(St1,2,length(St1)-1)+': '+St5; 
    MI:=TMenuItem.Create(Self); 
    if      St3[1]='P' then 
PopUpMenu1.Items[7].Items[1].Items[0].Items[0].Add(MI) 
{plug} 
    else if St3[1]='N' then 
PopUpMenu1.Items[7].Items[1].Items[0].Items[1].Add(MI) {NL 
plug} 
    else if St3[1]='M' then 
PopUpMenu1.Items[7].Items[1].Items[1].Items[0].Add(MI) 
{muff} 
    else if St3[1]='Q' then 
PopUpMenu1.Items[7].Items[1].Items[1].Items[1].Add(MI) {NL 
muff} 
    else if St3[1]='D' then 
PopUpMenu1.Items[7].Items[1].Items[2].Add(MI)          
{double} 
    else if St3='OP'                 then 
PopUpMenu1.Items[7].Items[1].Items[3].Items[0].Add(MI) 
{other plug} 
    else if St3='OM'                 then 
PopUpMenu1.Items[7].Items[1].Items[3].Items[1].Add(MI) 
    else if St3='OD'                 then 
PopUpMenu1.Items[7].Items[1].Items[3].Items[2].Add(MI); 
    MI.Caption:=St5; 
    MI.Tag:=Jj; 
    MI.OnClick:=PopupItemClick; 
  end; 
  CloseFile(InFText); 
end; 
 
 
procedure TForm1.Exit1Click(Sender: TObject); 
begin 
  Close; 
{ 
  Dispose(Sig); 
  Dispose(Sig1); 
} 
  Sig:=nil; 
  Sig1:=nil; 
  CopyBitMap.Free; 
 
end; 
 







procedure TForm1.Memo1Click(Sender: TObject); 
var 
  Message1 : word; 
  I,J,K,Jb,Je:integer; 
  M : single; 
begin 
  LineNumber:=Memo1.Perform(EM_LINEFROMCHAR,-1,0); 
  ColNumber :=Memo1.Perform(EM_LINEINDEX,-1,0); 
  ColNumber2:=Memo1.SelStart+1;     
  ColNumber2:=ColNumber2-ColNumber; 
  LineStr:=Memo1.Lines[LineNumber]; 
  Form1.Caption:=LineStr+', selected char is 
'+LineStr[ColNumber2]+' '+IntToStr(LineNumber); 
  Dstr:=''; 
  J:=1; 
  DataColumn:=0; 
  Done:=False; 
  repeat 
    while (ord(LineStr[J]) in [$09,$20{,$2C}]) do begin      { 
cue start of number } 
      Inc(J); 
      if J>Length(LineStr) then Done:=True; 
    end; 
    Inc(DataColumn); 
    while not (ord(LineStr[J]) in [$09,$20,$0D,$0A{,$2C}]) do 
begin  { cue end } 
      Inc(J); 
      if J>Length(LineStr) then Done:=True; 
      if J>ColNumber2 then Done:=True; 
    end; 
  until Done; 
 Str(DataColumn:1,LineStr); 
 Message1:=MessageDlg('Data Column '+LineStr+' was selected. 
If this is at the '+ 
 'top of a column of numbers then click YES; otherwise if it 
is at the start of a '+ 
 'line of text then click 
IGNORE.',mtConfirmation,[mbYes,mbIgnore],0); 
  J:=0; 
  for K:=1 to LineNumber-CommentLines do begin                { 
step past header } 
    while not (p^[J] in [$0D,$0A]) do Inc(J); 
    while (p^[J] in [$0D,$0A]) do Inc(J); 
  end; 
  if Message1=mrYes then begin 
    for K:=0 to Nlines-1-(LineNumber-CommentLines) do begin 
      for I:=1 to DataColumn-1 do begin 
        while (p^[J] in [$20,$09]) do Inc(J);     {   cue 
start of I-th column } 
        while not (p^[J] in [$20,$09]) do Inc(J); { skip to 
end of I-th column } 
      end; 







      while (p^[J] in [$20,$09]) do Inc(J);       { read 
number in DataColumn } 
      Dstr:=''; 
      while not (p^[J] in [$20,$09,$0D,$0A]) do begin 
        Dstr:=Dstr+char(p^[J]); 
        Inc(J); 
      end; 
      while not (p^[J] in [$0D,$0A]) do Inc(J);    { skip to 
end of line } 
      while (p^[J] in [$0D,$0A]) do Inc(J);        { start of 
new line } 
      val(Dstr,Sig[K],Code); 
    end; 
    SizeS1:=Nlines-1+(LineNumber-CommentLines); 
  end 
  else if Message1=mrIgnore then begin 
    Done:=False; 
    K:=0; 
    repeat 
      while not Done and (p^[J] in [$09,$0A,$0D,$20]) do 
begin { cue number} 
        Inc(J); 
        if J=Size then Done:=True; 
      end; 
      Dstr:=''; 
      while not Done and not (p^[J] in [$09,$0A,$0D,$20]) do 
begin { read number } 
        Dstr:=Dstr+char(p^[J]); 
        Inc(J); 
        if J=Size then Done:=True; 
      end; 
      if not Done then val(Dstr,Sig[K],Code); 
      Inc(K); 
    until Done; 
    SizeS1:=K-2; 
  end; 
  WaveformType:=1; 
  GetNumI('Waveform Type',1,10,WaveformType); 
  Dt:=DtDefault; 
  GetNumR2('Dt in usec', 1, 1000,-6,Dt); 
  YScf:=YscfDefault; 
  GetNumR('Yscale factor', -1000000, 1000000,Yscf); 
 
  Yavg:=0; for K:=0 to Navg-1 do Yavg:=Yavg+Sig[K]; 
Yavg:=Yavg/Navg; 
  for K:=0 to SizeS1 do Sig[K]:=Sig[K]-Yavg; 
  for K:=0 to SizeS1 do Sig[K]:=Yscf*Sig[K]; 
  Ymax:=-1e6; 
  for K:=0 to SizeS1 do if abs(Sig[K])>Ymax then 
Ymax:=abs(Sig[K]); 
  K:=0; while abs(Sig[K])<100 do Inc(K); Kthreshold:=K; 







  K2msec:=Round(2e-3/Dt);           { adjust 2msec leadin } 
  Kstart:=Kthreshold-K2msec; 
  if Kstart>=0 then begin 
    for K:=0 to SizeS1-Kstart do Sig[K]:=Sig[K+Kstart]; { 
shift left } 
    for K:=SizeS1-Kstart+1 to SizeS1 do Sig[K]:=0;       { 
extra 0's at end } 
  end 
  else begin 
    for K:=SizeS1 downto 0 do Sig[K-Kstart]:=Sig[K];    { 
shift right } 
    for K:=-Kstart-1 downto 0 do Sig[K]:=0;             { 
extra 0's at start } 
    SizeS1:=SizeS1+Kstart; 
  end; 
  Jb:=abs(Kstart);                                       { 
taper over first 2msec } 
  Je:=SizeS1-Round(0.7*SizeS1);                          { 
taper over last 30% } 
  for J:=0 to SizeS1 do begin 
    if J<Jb then M:=0.5*(1-Cos(Pi*J/Jb)) 
    else if J<(SizeS1-Je) then M:=1 
    else M:=0.5*(1+cos(Pi*(J-SizeS1+Je)/Je)); 
    Sig[J]:=Sig[J]*M; 
  end; 
 
  Memo1.Clear; 
  Memo1.Visible:=False; 
  Memo2.Visible:=False; 
  with Memo2 do begin 
    CommentLines:=13; 
    Font.Color:=clBlue; 
    Lines.Add('Modify the five line prototype header in the 
memo below with comments, titles scale factors for '); 
    Lines.Add('time data and pressure data Comments may 
follow numbers on last four lines and will be ignored.'); 
    Lines.Add('Vertical axis scale factor depends on the 
data. If data is already in pascals then'); 
    Lines.Add('enter 1,  if data is in kiloPascals then enter 
1000, if data is in counts then '); 
    Lines.Add('enter Pascals per count, if data is in 
millivolts then enter Pascals per millivolt.'); 
    Lines.Add('Double-Click on memo to store header plus 
waveform.'); 
    Lines.Add('Waveform types:'); 
    Lines.Add('1 for Free-field pressure in Pascals'); 
    Lines.Add('2 for Canal-entrance pressure in Pascals'); 
    Lines.Add('3 for Eardrum pressure in Pascals'); 
    Lines.Add('4 for Stapes displacement in Microns'); 
    Lines.Add('5 for Basilar Membrane displacement in 
Microns'); 







    
Lines.Add('_______________________________________________'
); 
    Lines.Add('COMMENT'); 
    Lines.Add('TITLE'); 
    Lines.Add('1 : waveform type'); 
    str(Dt*1e6:5:2,Dstr); Dstr:=Dstr+'e-6'; 
    Lines.Add(Dstr+' sec : time increment scale factor'); 
    Lines.Add('1 : vertical axis scale factor'); 
    str((SizeS1+1):1,Dstr); 
    Lines.Add(Dstr+' : number of samples'); 
    ScrollCode:=Memo2.Perform(EM_LINESCROLL,0,-
(CommentLines+20)); 
  end; 
end; 
 
procedure TForm1.Memo2DblClick(Sender: TObject); 
var 
  I,J,K :integer; 
 
begin 
  SaveDialog1.Filter:='TXT files|*.TXT|ALL files|*.*'; 
  SaveDialog1.DefaultExt:='TXT'; 
  if Form1.SaveDialog1.Execute then begin 
    FileName:=Form1.SaveDialog1 .Filename; 
    GetMem(ByteBuffer,BufSize);         { temporary byte 
buffer } 
    AssignFile(OutF,FileName); 
    Rewrite(OutF,1);            { untyped file assumed to be 
bytes } 
    p:=ByteBuffer; 
    LineStr:=Memo2.Lines[CommentLines+6-1]; 
    J:=1; 
    while (ord(LineStr[J]) in [$09,$20{,$2C}]) do begin      { 
cue start of number } 
      Inc(J); 
      if J>Length(LineStr) then Done:=True; 
    end; 
    Dstr:=''; 
    while not (ord(LineStr[J]) in [$09,$20,$0D,$0A{,$2C}]) do 
begin  { cue end } 
      Dstr:=Dstr+LineStr[J]; 
      Inc(J); 
    end; 
    val(Dstr,SizeS1new,Code); SizeS1new:=SizeS1new-1; 
    if SizeS1new<>SizeS1 then SizeS1:=SizeS1new; 
    J:=0; 
                            { write 6 line header after 
comments  } 
    for I:=CommentLines to CommentLines+6-1 do begin 
      LineStr:=Memo2.Lines[I]; 







      for K:=1 to Length(LineStr) do begin 
        p^[J]:=ord(LineStr[K]); 
        Inc(J); 
      end; 
      p^[J]:=$0D; Inc(J); p^[J]:=$0A; Inc(J); 
    end; 
    for I:=0 to SizeS1 do begin  { single with 5 significant 
digits } 
      str(Sig[I]:13,Dstr); 
      for K:=1 to Length(Dstr) do begin 
        p^[J]:=ord(Dstr[K]); 
        Inc(J); 
      end; 
      p^[J]:=$0D; Inc(J); p^[J]:=$0A; Inc(J); 
    end; 
    BlockWrite(OutF,ByteBuffer^,J); { fast unformatted byte 
write } 
    FreeMem(ByteBuffer,BufSize); 
    CloseFile(OutF); 
  end; 
  Memo2.Clear; 
  Memo2.Visible:=False; 
end; 
 
procedure TForm1.Print1Click(Sender: TObject); 
var 
  dc           : HDC; 
  isDcPalDevice: bool; 
  MemDc        : hdc; 
  MemBitmap    : hBitmap; 
  OldMemBitmap : hBitmap; 
  hDibHeader   : Thandle; 
  pDibHeader   : pointer; 
  hBits        : Thandle; 
  pBits        : pointer; 
  ScaleX       : Double; 
  ScaleY       : Double; 
  ppal         : PLOGPALETTE; 
  pal          : hPalette; 
  OldPal       : hPalette; 
  I            : integer; 
begin 
  dc:=GetDC(0);                  { get the screen dc } 
  MemDc:=CreateCompatibleDc(dc); { create a compatible dc } 
  
MemBitmap:=CreateCompatibleBitmap(Dc,form1.width,form1.heig
ht); { create a bitmap } 
  OldMemBitmap:=SelectObject(MemDc,MemBitmap);   { select the 
bitmap into the dc } 
     { lets prepare to try a fixup for broken video drivers 
} 







  isDcPalDevice:=false; 
  if GetDeviceCaps(dc,RASTERCAPS) and RC_Palette = RC_Palette 
then begin 
    
GetMem(pPal,sizeof(TLOGPALETTE)+(255*sizeof(TPALETTEENTRY))
); 
    
FillChar(pPal^,sizeof(TLOGPALETTE)+(255*sizeof(TPALETTEENTR
Y)),#0); 
    pPal^.palVersion:=$300; 
    
pPal^.palNumEntries:=GetSystemPaletteEntries(dc,0,256,pPal^
.palPalEntry); 
    if pPal^.PalNumEntries<>0 then begin 
      pal:=CreatePalette(pPal^); 
      oldPal:=SelectPalette(MemDc,Pal,false); 
      isDcPalDevice:=true; 
    end 
    else 
      
FreeMem(pPal,sizeof(TLOGPALETTE)+(255*sizeof(TPALETTEENTRY)
)); 
  end; 
     { copy from the screen to the memdc/bitmap } 
  
BitBlt(MemDc,0,0,form1.width,form1.height,Dc,form1.left,for
m1.top,SrcCopy); 
  if isDcPalDevice=true then begin 
    SelectPalette(MemDc,OldPal,false); 
    DeleteObject(Pal); 
  end; 
  SelectObject(MemDc,OldMemBitmap);   { unselect the bitmap 
} 
  DeleteDc(MemDc);                    { delete the memory dc 
} 
     { allocate memory for a DiB structure } 
  
hDibHeader:=GlobalAlloc(GHND,sizeof(TBITMAPINFO)+(sizeof(TR
GBQUAD)*256)); 
  pDibHeader:=GlobalLock(hDibHeader); { get a pointer to the 
allocated memory } 
     { fill in the dib structure with info on the way we want 
the DIB } 
  
FillChar(pDibHeader^,sizeof(TBITMAPINFO)+(sizeof(TRGBQUAD)*
256),#0); 
  
pBitmapInfoHeader(pDibHeader)^.biSize:=sizeof(TBITMAPINFOHE
ADER); 
  pBitmapInfoHeader(pDibHeader)^.biPlanes:=1; 
  pBitmapInfoHeader(pDibHeader)^.biBitCount:=8; 
  pBitmapInfoHeader(pDibHeader)^.biWidth:= form1.width; 







  pBitmapInfoHeader(pDibHeader)^.biHeight:=form1.height; 
  pBitmapInfoHeader(pDibHeader)^.biCompression:=BI_RGB; 
     { find out how much memory for the bits } 
  
GetDiBIts(dc,MemBItMap,0,form1.height,nil,TBitmapInfo(pDibH
eader^),DIB_RGB_COLORS); 
     { alloc memory for the bits } 
  
hBits:=GlobalAlloc(GHND,PBitmapInfoHeader(pDibHeader)^.BiSi
zeImage); 
     { get a pointer to the bits } 
  pBits:=GlobalLock(hBits); 
     { call fn again, but this time give us the bits! } 
  
GetDiBits(dc,MemBitmap,0,form1.height,pBits,PBitmapInfo(pDi
bHeader)^,DIB_RGB_COLORS); 
     { lets try a fixup for broken video drivers } 
  if isDcPalDevice = true then begin 
    for i:=0 to (pPal^.PalNumEntries-1) do begin 
      PBitmapInfo(pDibHeader)^.bmiColors[i].rgbRed  
:=pPal^.palPalEntry[i].peRed; 
      
PBitmapInfo(pDibHeader)^.bmiColors[i].rgbGreen:=pPal^.palPa
lEntry[i].peGreen; 
      PBitmapInfo(pDibHeader)^.bmiColors[i].rgbBlue 
:=pPal^.palPalEntry[i].peBlue; 
    end; 
    
FreeMem(pPal,sizeof(TLOGPALETTE)+(255*sizeof(TPALETTEENTRY)
)); 
  end; 
  ReleaseDc(0,dc);          { release the screen dc } 
  DeleteObject(MemBitmap);  { delete the bitmap } 
  Printer.BeginDoc;         { start print job } 
     { scale print size } 
  if Printer.PageWidth<Printer.PageHeight then begin 
    ScaleX:=Printer.PageWidth; 
    ScaleY:=Form1.Height*(Printer.PageWidth/Form1.Width); 
  end 
  else begin 
    ScaleX:=Form1.Width*(Printer.PageHeight/Form1.Height); 
    ScaleY:=Printer.PageHeight; 
  end; 
     { just in case the printer driver is a palette device } 
  isDcPalDevice:=false; 
  if GetDeviceCaps(Printer.Canvas.Handle,RASTERCAPS) and 
RC_PALETTE = RC_PALETTE then begin 
     { create palette from dib } 
    
GetMem(pPal,sizeof(TLOGPALETTE)+(255*sizeof(TPALETTEENTRY))
); 







    
FillChar(pPal^,sizeof(TLOGPALETTE)+(255*sizeof(TPALETTEENTR
Y)),#0); 
    pPal^.palVersion:=$300; 
    pPal^.palNumEntries:=256; 
    for i:=0 to (pPal^.PalNumEntries-1) do begin 
      pPal^.palPalEntry[i].peRed  
:=PBitmapInfo(pDibHeader)^.bmiColors[i].rgbRed; 
      
pPal^.palPalEntry[i].peGreen:=PBitmapInfo(pDibHeader)^.bmiC
olors[i].rgbGreen; 
      pPal^.palPalEntry[i].peBlue 
:=PBitmapInfo(pDibHeader)^.bmiColors[i].rgbBlue; 
    end; 
    pal:=CreatePalette(pPal^); 
    
FreeMem(pPal,sizeof(TLOGPALETTE)+(255*sizeof(TPALETTEENTRY)
)); 
    oldPal:=SelectPalette(Printer.Canvas.Handle,Pal,false); 
    isDcPalDevice:=true; 
  end; 
     { send the bits to the printer } 
  
StretchDiBits(Printer.Canvas.Handle,0,0,Round(ScaleX),Round
(ScaleY),0,0, 
                
Form1.Width,Form1.Height,pBits,PBitmapInfo(pDibHeader)^ , 
                DIB_RGB_COLORS,SRCCOPY); 
     { just in case the printer driver is a palette device } 
  if isDcPalDevice = true then begin 
    SelectPalette(Printer.Canvas.Handle,oldPal,false); 
    DeleteObject(Pal); 
  end; 
  GlobalUnlock(hBits);   { clean up allocated memory } 
  GlobalFree(hBits); 
  GlobalUnlock(hDibHeader); 
  GlobalFree(hDibHeader); 
  Printer.EndDoc;    { end the print job } 
end; 
 
procedure TForm1.Edit2Click(Sender: TObject); 
var 
  Message1 : word; 
begin 
  Message1:=MessageDlg('Edit the waveform header with a left 
click on each block. '+ 
  'The right mouse button gives waveform edit options. The 
left mouse button '+ 
  'controls the nearest red cursor line. Click the DONE button 
in the center '+ 
  'to complete each action.',mtInformation,[mbOK],0); 







end; 
 
procedure TForm1.Timer1Timer(Sender: TObject); 
var 
  dlgWnd :HWND; 
  dlgX, dlgY, dlgW, dlgH : Integer; 
  dlgRect : TRect; 
begin 
  dlgWnd:=FindWindow('#32770',PChar(OpenDialog1.Title));      
{ Find the dialog window } 
  if dlgWnd<>0 then begin 
    GetWindowRect(dlgWnd,dlgRect); 
{    dlgX:=Screen.Width -(dlgRect.Right-dlgRect.Left); 
    dlgY:=Screen.Height-(dlgRect.Bottom-dlgRect.Top);} 
    dlgX:=(Screen.Width-dlgRect.Right+dlgRect.Left) div 2; 
    dlgY:=0; 
    dlgW:=dlgRect.Right-dlgRect.Left; 
    dlgH:=dlgRect.Bottom-dlgRect.Top; 
    dlgH:=Round(0.975*Screen.Height); 
  {  if dlgH<>Screen.Height then dlgH:=Screen.Height;} 
    
SetWindowPos(dlgWnd,0,dlgX,dlgY,dlgW,dlgH,SWP_SHOWWINDOW); 
    Timer1.Enabled:=False; 
  end; 
  FreeMem(dlgTitle,SizeOf(OpenDialog1.Title)); 
end; 
 
 
 
procedure TForm1.ViewWaveformClick(Sender: TObject); 
var 
  w,h,Attributes,Done  : integer; 
  Fr,Xx1,Yy1,Rr1,Tt1: double; 
begin 
  ImportOpen:=False; 
  { Open AHA Waveform } 
{  ClearCanvas;} 
  RestoreForm; 
  PlotNew:=True; 
  LogPlotNew:=True; 
  OverlayColor:=1; 
  if MovieOpen then CancelMovieClick(Sender); 
  Memo3.Visible:=False; 
  OpenDialog1.Filter:='Prepared waveforms|*.AHA|All 
Files|*.*'; 
  Timer1.Enabled:=True;                       { Start the 
timer } 
  if OpenDialog1.Execute then begin 
    OrigFile:=OpenDialog1.Filename; 
    RestoreForm; 
    GetDir(0,CurrentDirectory); 







    PopupMenu1.AutoPopUp:=True; 
    
DriveType:=GetDriveType(PChar(ExtractFileDrive(OpenDialog1.
Filename))); 
    if (DriveType<>Drive_CDROM) AND (DriveType<>0){AND 
(DriveType<>1)}then DriveWritable:=True else 
DriveWritable:=False; 
    
FE:=ANSIUpperCase(ExtractFileExt(OpenDialog1.Filename)); 
    
FileName:=ANSIUpperCase(ExtractFileName(OpenDialog1.Filenam
e)); 
{ 
    Attributes:=FileGetAttr(FileName); 
    Attributes:=Attributes and not (faReadOnly or faHidden); 
    Done:=FileSetAttr(FileName,Attributes); 
} 
    Application.processmessages; 
    FName:=FileName; 
    Flen:=pos('.',FileName); 
    if Flen>0 then SetLength(FName,Flen-1); 
    HazFileName:=FName; 
    FileName:=FName+'.AHA'; 
    Form1.Caption:='AHAAH INTENSE SOUND HAZARD ANALYSIS OF: 
'+FName; 
{    
StringGrid1.Options:=[goFixedVertLine,goFixedHorzLine,goVer
tLine,GoHorzLine, 
                          
goEditing,goAlwaysShowEditor,goRangeSelect,goTabs]; 
    StringGrid1.Width:=Form1.Width; 
    StringGrid1.Height:=(Form1.ClientHeight) div 2; 
} 
    h:=Form1.ClientHeight; 
    w:=Form1.ClientWidth; 
    with StringGrid1 do begin 
      Height:=Round(0.5*h)-0*4; 
      top:=0; 
      left:=0; 
      Width:=w; 
      ColWidths[0]:=Round(0.3*w); 
      ColWidths[1]:=Round(0.1*w); 
      ColWidths[2]:=Round(0.56*w); 
      Visible:=True; 
    end; 
    h1:=Round(0.03*h); 
    w1:=Round(0.2*w); 
    with ProgressBar1 do begin 
      Height:=h1; 
      Top:=h-Round(1.25*h1); 
      Width:=w1; 
      Left:=0;   {Round((w-w1)/2)} 







      Max:=46; 
      Step:=1; 
      Position:=0; 
      Visible:=False; 
    end; 
    with Edit1 do begin 
      Height:=h1; 
      Top:=h-Round(1.25*h1); 
      Width:=Round(0.75*w1); 
      Left:=Round(1.1*w1); 
      Visible:=False; 
    end; 
{    OpenNewFileType3;} 
    OpenNewFileType5; 
(* 
    SizeS1:=16384; 
    Te:=Dt*SizeS1; 
    Nn:=SizeS1+1; 
    Freq:=250; 
    Jj:=Round(50*SampleRate/Freq); { 50 cycles } 
    for J:=0 to Jj do Sig[J]:=sin(2*Pi*Freq*Dt*J); 
    for J:=Jj+1 to SizeS1 do Sig[J]:=0; 
*) 
    PressureTimePlot; 
    Tb1:=Tb; Te1:=Te; 
    MainMenu1.Items[1].Enabled:=True; 
    MainMenu1.Items[3].Enabled:=True; 
    MainMenu1.Items[0].Items[1].Enabled:=True; { Overlay AHA 
} 
    MainMenu1.Items[0].Items[4].Enabled:=True; { Save AHA 
(line = 3)} 
    MainMenu1.Items[0].Items[5].Enabled:=True; { Save AHA 
AS} 
    OpenDialog1.InitialDir:=CurrentDirectory; 
  end 
  else 
    RestoreForm; 
end; 
 
procedure TForm1.FormActivate(Sender: TObject); 
begin 
  PopupMenu:=PopupMenu1; 
end; 
 
procedure TForm1.Button1Click(Sender: TObject); 
var 
  J,K : integer; 
begin 
  {ClearCanvas;} 
  OpenDialog1.Filter:='All Files|*.*'; 
  if OpenDialog1.Execute then begin 







    
FE:=ANSIUpperCase(ExtractFileExt(OpenDialog1.Filename)); 
    FileName:=ExtractFileName(OpenDialog1.Filename); 
    AssignFile(InF,FileName);      { p. 14 } 
    Reset(InF,1);        { untyped file assumed to be bytes 
} 
    Size:=FileSize(InF);             { size in bytes } 
    GetMem(ByteBuffer,Size);         { temporary byte buffer 
} 
    BlockRead(InF,ByteBuffer^,Size); { fast unformatted byte 
read } 
    p:=ByteBuffer; 
    CloseFile(InF); 
    IsFloat:=True; 
    IsASCII:=True; 
    IsNumASCII:=True; 
    IsCrLf:=True; 
    FormatChoice:=0; 
    if    (char(p^[0])='C') and (char(p^[1])='S') 
      and (char(p^[2])='R') and (char(p^[3])='E') 
      and (char(p^[4])='4') and (char(p^[5])='0') 
      then FormatChoice:=2; { CSRE V 40 format } 
    if    (char(p^[0])='R') and (char(p^[1])='I') 
      and (char(p^[2])='F') and (char(p^[3])='F') 
      then FormatChoice:=8; { RIFF WAV format } 
    if    (p^[0]=$24) and (p^[1]=$00) 
      and (p^[2]=$00) and (p^[3]=$04) 
      then FormatChoice:=9; { EGG's TDR Data File Format } 
    if (p^[0]=$4B) and (p^[1]=$22) and (p^[36]=$22) and 
(p^[37]=$81) 
      then FormatChoice:=5; { Lecroy format } 
    for J:=0 to Size-1 do begin 
      if not (p^[J] in [$08..$0D,$1A,$20..$7F]) then 
IsAscii:=False; 
      if not (p^[J] in [$08..$0D,$1A,$20,$45,$65,$2B..$39]) 
then IsNumAscii:=False; 
      if p^[J]=$0D then if p^[J+1]<>$0A then IsCrLf:=False; 
    end; 
    J:=3; 
    repeat 
      if (p^[J] and $7f) > $49 then IsFloat:=False; 
      inc(J,4) 
    until J>Size-1; 
    Memo1.Font.Color:=clBlue; 
    CommentLines:=6; 
    Memo1.Visible:=False; 
    Memo2.Visible:=False; 
    Memo1.Lines.Add('This file has an ASCII header above one 
or more columns of numbers.'); 
    Memo1.Lines.Add('The data may run vertically in a column 
as in a spread-sheet or else'); 







    Memo1.Lines.Add('it may run horizontally to the end of 
the line and then continue'); 
    Memo1.Lines.Add('on the next line as in a page of text. 
Place the cursor anywhere'); 
    Memo1.Lines.Add('on the first data point. All lines must 
contain only numbers.'); 
    
Memo1.Lines.Add('__________________________________________
____________'); 
    J:=0; 
    for K:=1 to LinesToDisplay do begin 
      Str(K:3,St); 
      Dstr:=''; 
      Done:=False; 
      while not (p^[J] in [$0D,$0A]) do begin 
        Dstr:=Dstr+char(p^[J]); 
        Inc(J); 
      end; 
      while (p^[J] in [$0D,$0A]) do Inc(J); 
      {Dstr:=St+': '+Dstr;} 
      Memo1.Lines.Add(Dstr); 
    end; 
    Nlines:=0; 
    Done:=False; 
    repeat 
      while not Done and not (p^[J] in [$0D,$0A]) do begin 
        Inc(J); 
        if J=Size then Done:=True; 
      end; 
      while not Done and (p^[J] in [$0D,$0A]) do begin 
        Inc(J); 
        if J=Size then Done:=True; 
      end; 
      Inc(Nlines); 
    until Done; 
    ScrollCode:=Memo1.Perform(EM_LINESCROLL,0,-
LinesToDisplay); 
  end; 
end; 
 
procedure LAeq8; 
var 
  I,J,N1:integer; 
  F1,Temp,Temp1,Temp2,Temp3,Temp4,Temp5,Temp6,Temp7,Temp8: 
single; 
begin 
  Ln10_10:=Ln(10)/10; 
  Nn:=Round(Exp(Ln(2)*(1+Trunc(Log2(Je-Jb+1))))); 
  N:=Nn div 2; 
  N1:=N+1; 
  F1:=1/(Nn*Dt); {Fmax:=N*F1;} 







  New(Xr); 
  New(Xi); 
  for I:=1 to N do begin 
    Xr^[I]:=0; 
    Xi^[I]:=0; 
  end; 
  for J:=Jb to Je do begin 
    I:=1 + (J-Jb) div 2; 
    if not odd(J-Jb) then 
      Xr^[I]:=Sig[J] 
    else 
      Xi^[I]:=Sig[J]; 
  end; 
  ForwardFft(N,Dt,Xr,Xi); 
  ACWeightSetup; 
  Eawt:=0; 
  Ecwt:=0; 
  Etwt:=0; 
  E2twt:=0; 
  Euwt:=0; 
  Etfoef:=0; 
  Etfoer:=0; 
 
  for J:=1 to 20 do begin 
    Xtfoe[J]:=Exp(Ln10_10*(J+22)); 
    Ytfoe[J]:=Tfoe[3,J+22]; 
  end; 
 
 
  for I:=1 to N1 do begin 
    Xx:=F1*(I-1); 
    ACWeight(Xx,ReA,ImA,ReC,ImC); 
 
    J:=0; repeat Inc(J) until (J=30) or (Xx<Xtwt[J]); 
    if J<=2 then Yy:=Ytwt[1]+(Xx-Xtwt[1])*(Ytwt[2]-
Ytwt[1])/(Xtwt[2]-Xtwt[1]) 
    else if J>=28 then Yy:=Ytwt[28]+(Xx-Xtwt[28])*(Ytwt[29]-
Ytwt[28])/(Xtwt[29]-Xtwt[28]) 
    else Yy:=Ytwt[J-1]+(Xx-Xtwt[J-1])*(Ytwt[J]-Ytwt[J-
1])/(Xtwt[J]-Xtwt[J-1]); 
    Yy:=Exp(Yy*Ln10_10); 
 
    J:=0; repeat Inc(J) until (J=20) or (Xx<Xtfoe[J]); 
    if (Xx<Xtfoe[1]) or (Xtfoe[20]<Xx) then 
      Yy1:=0 
    else Yy1:=Ytfoe[J-1]+(Xx-Xtfoe[J-1])*(Ytfoe[J]-Ytfoe[J-
1])/(Xtfoe[J]-Xtfoe[J-1]); 
//    Yy1:=3.0103;{dB power doubling} 
//    Yy1:=0; { unity gain } 
    Yy1:=Exp(Yy1*Ln10_10); 
    Temp:= Xr^[I]*ReA-Xi^[I]*ImA; 







    Temp3:=Xr^[I]*ReC-Xi^[I]*ImC; 
    Temp2:=Xr^[I]*ImA+Xi^[I]*ReA; 
    Temp4:=Xr^[I]*ImC+Xi^[I]*ReC; 
    Temp5:=Yy*(Sqr(Xr^[I])+Sqr(Xi^[I])); 
    Temp6:=Yy*Temp5; 
    Temp7:=1*(Sqr(Xr^[I])+Sqr(Xi^[I])); 
    Temp8:=Sqr(Temp)+Sqr(Temp2);  
    Xr^[I]:=Temp; 
    if (I=1) or (I=N1) then begin 
      Eawt:=Eawt+Temp8; 
      Ecwt:=Ecwt+Sqr(Temp3)+Sqr(Temp4); 
      Etwt:=Etwt+Temp5; 
      E2twt:=E2twt+Temp6; 
      Euwt:=Euwt+Temp7; 
      Etfoef:=Etfoef+Temp8*Yy1; 
      Etfoer:=Etfoer+Temp8/Yy1; 
    end else begin 
      Eawt:=Eawt+2*Temp8; 
      Ecwt:=Ecwt+2*(Sqr(Temp3)+Sqr(Temp4)); 
      Etwt:=Etwt+2*Temp5; 
      E2twt:=E2twt+2*Temp6; 
      Euwt:=Euwt+2*Temp7; 
      Etfoef:=Etfoef+2*Temp8*Yy1; 
      Etfoer:=Etfoer+2*Temp8/Yy1; 
    end; 
  end; 
//  Etfoef:=Etfoef/(2*(N1-1)); 
//  Etfoef:=10*Log10(Etfoef); 
  Temp:=Eawt*F1; 
  RhoC:=415; { mks rayls characteristic impedance air @ 22 
deg C and 751 mmHg p 11 Beranek } 
  Eawt3:=Eawt*F1/RhoC; 
  Ecwt3:=Ecwt*F1/RhoC; 
  Etwt3:=Etwt*F1/RhoC; 
  E2twt3:=E2twt*F1/RhoC; 
  Euwt3:=Euwt*F1/RhoC; 
  Eawt:= 10*Log10(Temp/28800)+94; 
  Eawt2:=10*Log10(Temp/((Je-Jb)*Dt))+94; 
  Na:=Exp(Ln(2)*(85-Eawt)/3); 
  Temp:=Ecwt*F1; 
  Ecwt:=10*Log10(Temp/((Je-Jb)*Dt))+94; 
  Temp:=Etfoef*F1; 
  Etfoef:=10*Log10(Temp/28800)+94; 
  Temp:=Etfoer*F1; 
  Etfoer:=10*Log10(Temp/28800)+94; 
  Dispose(Xr); 
  Dispose(Xi); 
end; 
 
 







procedure TForm1.FormMouseDown(Sender: TObject; Button: 
TMouseButton; 
  Shift: TShiftState; X, Y: Integer); 
begin 
  if IndexEnabled then begin 
    with canvas do begin 
      Drawing:=True; 
      ButtonMoving:=Button; 
      Pen.Mode:=pmXor; 
      if Button=mbLeft then begin 
        if abs(X-RightX)<abs(X-LeftX) then begin 
          Pen.Color:=RightColor xor clWhite; 
          MoveTo(RightX,Yoffset+PlotHeight-1); {start at old 
bottom} 
          LineTo(RightX,Yoffset+1);            {erase the old 
line } 
          Pen.Mode:=pmXor;            {use XOR mode to 
draw/erase} 
          Pen.Color:=RightColor xor clWhite; 
          MoveTo(X,Yoffset+PlotHeight-1);           {move to 
bottom} 
          LineTo(X,Yoffset+1);                      {draw to 
top   } 
          RightX:=X 
        end 
        else begin 
          Pen.Color:=LeftColor xor clWhite; 
          MoveTo(LeftX,Yoffset+PlotHeight-1); {start at old 
bottom} 
          LineTo(LeftX,Yoffset+1);            {erase the old 
line } 
          Pen.Mode:=pmXor;            {use XOR mode to 
draw/erase} 
          Pen.Color:=LeftColor xor clWhite; 
          MoveTo(X,Yoffset+PlotHeight-1);           {move to 
bottom} 
          LineTo(X,Yoffset+1);                      {draw to 
top   } 
          LeftX:=X 
        end 
      end 
    end 
  end 
  else begin 
    FormClicked:=True; 
    HeadX:=X; 
    HeadY:=Y 
  end; 
  if HelpDisplayed then begin 
    RestoreForm; 
    HelpDisplayed:=False; 
  end;   







end; 
 
procedure TForm1.FormMouseMove(Sender: TObject; Shift: 
TShiftState; X, 
  Y: Integer); 
var 
  Rx,Lx,Tx,Jj,Jbb,Jee : integer; 
  Ym : single; 
begin 
  if IndexEnabled then begin 
    with Canvas do begin 
      if Drawing then begin 
        if abs(X-RightX)<abs(X-LeftX) then begin 
          Pen.Color:=RightColor xor clWhite; 
          MoveTo(RightX,Yoffset+PlotHeight-1); {start at old 
bottom} 
          LineTo(RightX,Yoffset+1);            {erase the old 
line } 
          MoveTo(X,Yoffset+PlotHeight-1);           {move to 
bottom} 
          LineTo(X,Yoffset+1);                      {draw to 
top   } 
          RightX:=X 
        end 
        else begin 
          Pen.Color:=LeftColor xor clWhite; 
          MoveTo(LeftX,Yoffset+PlotHeight-1); {start at old 
bottom} 
          LineTo(LeftX,Yoffset+1);            {erase the old 
line } 
          MoveTo(X,Yoffset+PlotHeight-1);           {move to 
bottom} 
          LineTo(X,Yoffset+1);                      {draw to 
top   } 
          LeftX:=X 
        end; 
        if MenuSelection=1 then begin 
          Jbb:=Round(SizeS1*(LeftX-YlabelWidth)/PlotWidth); 
          Jee:=Round(SizeS1*(RightX-
YlabelWidth)/PlotWidth); 
 
 
          if Jbb<0 then Jbb:=0; 
 
 
          Str(Jee-Jbb+1,DStr); 
          StringGrid1.Cells[1,4]:=Dstr; 
        end 
        else if MenuSelection=4 then begin 
          if LeftX<Ylabelwidth then Lx:=YlabelWidth else 
Lx:=LeftX; 







          Jd:=Round(SizeS1*abs((Lx-
YlabelWidth)/PlotWidth)); 
          Yy:=20*Log10(abs(Sig[Jd])+1e-6)+94; 
          Str(Yy:1:1,DStr); 
          Str(Jd*Dt*1e3:2:2,DStr1); 
          StringGrid1.Cells[1,8]:=Dstr; 
          StringGrid1.Cells[2,8]:='dB at '+Dstr1+' msec.'; 
        end 
        else if MenuSelection=6 then begin 
          if RightX<Ylabelwidth then Rx:=YlabelWidth else 
Rx:=RightX; 
          if LeftX<Ylabelwidth then Lx:=YlabelWidth else 
Lx:=LeftX; 
          if Lx>Rx then begin Tx:=Lx; Lx:=Rx; Rx:=Tx end; 
          Jbb:=Round(SizeS1*abs((Lx-
YlabelWidth)/PlotWidth)); 
          Jee:=Round(SizeS1*abs((Rx-
YlabelWidth)/PlotWidth)); 
          Ym:=-1; 
          for J:=Jbb to Jee do begin 
            If abs(Sig[J])>Ym then begin Ym:=abs(Sig[J]); 
Jd:=J end; 
          end; 
          Yy:=20*Log10(abs(Sig[Jd])+1e-6)+94; 
          Str(Yy:3:3,DStr); 
          StringGrid1.Cells[1,7]:=Dstr; 
          Str(Jd*Dt*1e3:1:1,DStr); 
          StringGrid1.Cells[2,7]:='dB at '+Dstr+' 
milliseconds' ; 
        end 
        else if MenuSelection=7 then begin 
          if RightX<Ylabelwidth then Rx:=YlabelWidth else 
Rx:=RightX; 
          if LeftX<Ylabelwidth then Lx:=YlabelWidth else 
Lx:=LeftX; 
          if Lx>Rx then begin Tx:=Lx; Lx:=Rx; Rx:=Tx end; 
          Jbb:=Round(SizeS1*abs((Lx-
YlabelWidth)/PlotWidth)); 
          Jee:=Round(SizeS1*abs((Rx-
YlabelWidth)/PlotWidth)); 
        end 
(* 
        else if MenuSelection=9 then begin 
          if RightX<Ylabelwidth then Rx:=YlabelWidth else 
Rx:=RightX; 
          if LeftX<Ylabelwidth then Lx:=YlabelWidth else 
Lx:=LeftX; 
          if Lx>Rx then begin Tx:=Lx; Lx:=Rx; Rx:=Tx end; 
          Jbb:=Round(SizeS1*abs((Lx-
YlabelWidth)/PlotWidth)); 
          Jee:=Round(SizeS1*abs((Rx-
YlabelWidth)/PlotWidth)); 







        end 
*) 
      end 
    end 
  end 
end; 
 
procedure TForm1.FormMouseUp(Sender: TObject; Button: 
TMouseButton; 
  Shift: TShiftState; X, Y: Integer); 
var 
  Rx,Lx,Tx: integer; 
  Xf:single; 
begin 
  { Be careful; can enter form after double clicking and it 
will detect 
    the mouse up without detecting the mouse down. } 
  if IndexEnabled then begin 
    with Canvas do begin 
      Pen.Mode:=pmXor; 
      if abs(X-RightX)<abs(X-LeftX) then begin 
        Pen.Color:=RightColor xor clWhite; 
        MoveTo(X,Yoffset+PlotHeight-1);  { erase line moved 
here } 
        LineTo(X,Yoffset+1); 
        MoveTo(X,Yoffset+PlotHeight-1);  { redraw line here 
} 
        LineTo(X,Yoffset+1); 
        RightX:=X 
      end 
      else begin 
        Pen.Color:=LeftColor xor clWhite; 
        MoveTo(X,Yoffset+PlotHeight-1); 
        LineTo(X,Yoffset+1); 
        MoveTo(X,Yoffset+PlotHeight-1); 
        LineTo(X,Yoffset+1); 
        LeftX:=X 
      end; 
      Pen.Mode:=pmCopy 
    end; 
    Drawing:=False; 
    if MenuSelection=6 then begin 
      if RightX<Ylabelwidth then Rx:=YlabelWidth else 
Rx:=RightX; 
      if LeftX<Ylabelwidth then Lx:=YlabelWidth else 
Lx:=LeftX; 
      if Lx>Rx then begin Tx:=Lx; Lx:=Rx; Rx:=Tx end; 
      { Jb,Je cursors are used globally } 
      Xf:=abs((Lx-YlabelWidth)/PlotWidth); 
      Jb:=Round(SizeS1*Xf); 
      Xf:=abs((Rx-YlabelWidth)/PlotWidth); 







      Je:=Round(SizeS1*Xf); 
      LAeq8; 
      Str(Eawt:3:3,Dstr); 
      Str(Eawt2:3:3,Dstr2); 
      Str(Eawt3:3:3,Dstr3); 
      Str(Ecwt3:3:3,Dstr5); 
      Str(Etwt3:3:3,Dstr6); 
      Str(E2twt3:3:3,Dstr7); 
      Str(Euwt3:3:3,Dstr8); 
      Str(Etfoef:3:3,Dstr9); 
      Str(Etfoer:3:3,Dstr10); 
      StringGrid1.Cells[1,8]:=Dstr2; 
      StringGrid1.Cells[1,9]:=Dstr; 
      StringGrid1.Cells[1,11]:=Dstr3; 
      Str(Na:3:3,Dstr3); 
      StringGrid1.Cells[1,10]:=Dstr3; 
      Jd:=Round(SizeS1*abs((Rx-Lx+1)/PlotWidth)); 
      Str(Jd*Dt*1e3:2:2,DStr); 
      {Str((Je-Jb)*Dt*1e3:1:1,DStr);} 
      Str(Jb*Dt*1e3:2:2,DStr1); 
      StringGrid1.Cells[2,8]:='dB equivalent A-weighted 
level over time interval of '+Dstr+' msec starting at 
'+Dstr1+' msec'; 
      StringGrid1.Cells[2,9]:='dB equivalent A-weighted 
level over 8 hours. Into ISL Head = '+Dstr9+' dB, Out of ISL 
head ='+Dstr10+' dB.'; 
      StringGrid1.Cells[2,10]:='allowed number of rounds 
based on A-weighted energy under a hearing protector.'; 
      StringGrid1.Cells[2,11]:='joules/m^2. Other energies: 
C-wt = '+Dstr5+' ; T-wt = ' 
        +Dstr6+' ; Twice-T-wt = '+Dstr7+' ; Un-wt = '+Dstr8+' 
joules/m^2.'; 
    end 
    else if MenuSelection=7 then begin 
      if RightX<Ylabelwidth then Rx:=YlabelWidth else 
Rx:=RightX; 
      if LeftX<Ylabelwidth then Lx:=YlabelWidth else 
Lx:=LeftX; 
      if Lx>Rx then begin Tx:=Lx; Lx:=Rx; Rx:=Tx end; 
      { Jb,Je cursors are used globally } 
      Xf:=abs((Lx-YlabelWidth)/PlotWidth); 
      Jb:=Round(SizeS1*Xf); 
      Xf:=abs((Rx-YlabelWidth)/PlotWidth); 
      Je:=Round(SizeS1*Xf); 
      LAeq8; 
      Str(Eawt:1:1,Dstr); 
      Str(Eawt2:1:1,Dstr2); 
      Str(Eawt3:3:3,Dstr3); 
      StringGrid1.Cells[1,6]:=Dstr; 
      StringGrid1.Cells[1,7]:=Dstr2; 
      StringGrid1.Cells[1,8]:=Dstr3; 
      Str(Na:3:3,Dstr3); 







{      StringGrid1.Cells[1,12]:=Dstr3;} 
      Jd:=Round(SizeS1*abs((Rx-Lx+1)/PlotWidth)); 
      Str(Jd*Dt*1e3:1:1,DStr); 
      {Str((Je-Jb)*Dt*1e3:1:1,DStr);} 
      Str(Jb*Dt*1e3:1:1,DStr1); 
      StringGrid1.Cells[2,6]:='dB'; 
      StringGrid1.Cells[2,7]:='dB over time interval of 
'+Dstr+' msec starting at '+Dstr1+' msec'; 
      StringGrid1.Cells[2,8]:='joules/m^2';{  Average value 
= '+Dstr2+' dBA.';} 
    end 
  end 
end; 
 
 
procedure TForm1.SelectSegment1Click(Sender: TObject); 
begin 
  MenuSelection:=1; 
  LeftX:=YlabelWidth+Round(0.05*PlotWidth); {-1 outside form 
} 
  LeftColor:=RGB(255,0,0);  {clred} 
  RightX:=YlabelWidth+PlotWidth-Round(0.05*PlotWidth); { 
clw" " } 
  RightColor:=RGB(255,0,0); {clRed} 
  with Canvas do begin 
    Pen.Mode:=pmXor;            {use XOR mode to draw/erase} 
    Pen.Color:=LeftColor xor clWhite; 
    MoveTo(LeftX,Yoffset+PlotHeight-1); { move to left bottom 
} 
    LineTo(LeftX,Yoffset+1);            { draw to left top } 
    Pen.Color:=RightColor xor clWhite; 
    MoveTo(RightX,Yoffset+PlotHeight-1); { move to right 
bottom } 
    LineTo(RightX,Yoffset+1);            { draw to right top 
} 
    Pen.Mode:=pmCopy; 
  end; 
  PopupMenu1.AutoPopUp:=False; 
  IndexEnabled:=True; 
  with Button2 do begin 
    Left:=YlabelWidth+Round(0.4*PlotWidth); 
    Top:=Round(1.05*PlotHeight); 
    Visible:=True; 
  end; 
{ 
  with Button8 do begin 
    Left:=YlabelWidth+PlotWidth-Round(0.1*0.05*PlotWidth)-
Width; 
    Top:=Yoffset+PlotHeight-Round(0.1*PlotHeight)-Height; 
    Visible:=True; 
  end; 







} 
end; 
 
procedure TForm1.Button2Click(Sender: TObject); 
var 
  J,Temp: integer; 
  Xf : single; 
begin 
  if LeftX > RightX then begin 
    Temp:=LeftX; LeftX:=RightX; RightX:=Temp;  { swap index 
} 
  end; 
  if LeftX<YlabelWidth then LeftX:=YlabelWidth; 
  if RightX<YlabelWidth then RightX:=YlabelWidth+1; 
  Xf:=(LeftX-YlabelWidth)/PlotWidth; 
  Jb:=Round(SizeS1*Xf); 
  Xf:=(RightX-YlabelWidth)/PlotWidth; 
  Je:=Round(SizeS1*Xf); 
 
  if Jb<0 then Jb:=0; 
 
  for J:=Jb to Je do Sig[J-Jb]:=Sig[J]; 
 
  for J:=Je+1 to SizeS1 do Sig[J]:=0; { for M.P. or NLDifEq 
} 
 
  SizeS1:=Je-Jb; 
  LeftX:=YlabelWidth+1; RightX:=YlabelWidth+PlotWidth-1; 
  Tb:=Tb+Jb*Dt; 
  Te:=Tb+SizeS1*Dt; 
  Tb1:=Tb; Te1:=Te; 
{  PressureTimePlot;} 
  PopupMenu1.AutoPopUp:=True; 
  Button2.Visible:=False; 
  IndexEnabled:=False; 
  Str(SizeS1+1,SizeSt); 
  StringGrid1.Cells[1,4]:=SizeSt; 
  PressureTimePlot; 
end; 
 
procedure TForm1.SetBaselineClick(Sender: TObject); 
begin 
  LeftX:=YlabelWidth+Round(0.05*PlotWidth); {-1 outside form 
} 
  LeftX:=YlabelWidth; 
  LeftColor:=RGB(255,0,0);  {clred} 
  RightX:=YlabelWidth+PlotWidth-Round(0.90*PlotWidth); { 
clw" " } 
  RightColor:=RGB(255,0,0); {clRed} 
  with Canvas do begin 
    Pen.Mode:=pmXor;            {use XOR mode to draw/erase} 







    Pen.Color:=LeftColor xor clWhite; 
    MoveTo(LeftX,Yoffset+PlotHeight-1); { move to left bottom 
} 
    LineTo(LeftX,Yoffset+1);            { draw to left top } 
    Pen.Color:=RightColor xor clWhite; 
    MoveTo(RightX,Yoffset+PlotHeight-1); { move to right 
bottom } 
    LineTo(RightX,Yoffset+1);            { draw to right top 
} 
    Pen.Mode:=pmCopy; 
  end; 
  PopupMenu1.AutoPopUp:=False; 
  IndexEnabled:=True; 
  with Button3 do begin 
    Left:=YlabelWidth+Round(0.4*PlotWidth); 
    Top:=Round(1.05*PlotHeight); 
    Visible:=True; 
  end; 
end; 
 
procedure TForm1.Button3Click(Sender: TObject); {set 
baseline expand } 
var 
  J,Temp: integer; 
  Xf:single; 
begin 
  if LeftX > RightX then begin 
    Temp:=LeftX; LeftX:=RightX; RightX:=Temp;  { swap index 
} 
  end; 
  if LeftX<YlabelWidth then LeftX:=YlabelWidth; 
  if RightX<YlabelWidth then RightX:=YlabelWidth+1; 
  Xf:=(LeftX-YlabelWidth)/PlotWidth; 
  Jb:=Round(SizeS1*Xf); 
  Xf:=(RightX-YlabelWidth)/PlotWidth; 
  Je:=Round(SizeS1*Xf); 
  for J:=0 to SizeS1 do Sig1[J]:=Sig[J]; { save original wave 
} 
  for J:=Jb to Je do Sig[J-Jb]:=Sig[J]; 
  SizeS1New:=SizeS1; 
  SizeS1:=Je-Jb; 
  LeftX:=YlabelWidth+1; RightX:=YlabelWidth+PlotWidth-1; 
  Tb:=0; Te:=Dt*SizeS1; 
  PressureTimePlot;  { replot wave around baseline segment to 
be chosen } 
  Button3.Visible:=False; 
 
  LeftX:=YlabelWidth+Round(0.05*PlotWidth); {-1 outside form 
} 
  LeftColor:=RGB(255,0,0);  {clred} 







  RightX:=YlabelWidth+PlotWidth-Round(0.05*PlotWidth); { 
clw" " } 
  RightColor:=RGB(255,0,0); {clRed} 
  with Canvas do begin 
    Pen.Mode:=pmXor;            {use XOR mode to draw/erase} 
    Pen.Color:=LeftColor xor clWhite; 
    MoveTo(LeftX,Yoffset+PlotHeight-1); { move to left bottom 
} 
    LineTo(LeftX,Yoffset+1);            { draw to left top } 
    Pen.Color:=RightColor xor clWhite; 
    MoveTo(RightX,Yoffset+PlotHeight-1); { move to right 
bottom } 
    LineTo(RightX,Yoffset+1);            { draw to right top 
} 
    Pen.Mode:=pmCopy; 
  end; 
  with Button4 do begin 
    Left:=YlabelWidth+Round(0.4*PlotWidth); 
    Top:=Round(1.05*PlotHeight); 
    Visible:=True; 
  end; 
end; 
 
procedure TForm1.Button4Click(Sender: TObject);  { end set 
baseline } 
var 
  J,Temp:integer; 
  Sum1,Xf : single; 
begin 
  if LeftX > RightX then begin 
    Temp:=LeftX; LeftX:=RightX; RightX:=Temp;  { swap index 
} 
  end; 
  if LeftX<YlabelWidth then LeftX:=YlabelWidth; 
  if RightX<YlabelWidth then RightX:=YlabelWidth+1; 
  Xf:=(LeftX-YlabelWidth)/PlotWidth; 
  Jb:=Round(SizeS1*Xf); 
  Xf:=(RightX-YlabelWidth)/PlotWidth; 
  Je:=Round(SizeS1*Xf); 
  Sum1:=0; 
  for J:=Jb to Je do 
    Sum1:=Sum1+Sig[J]; 
  Sum1:=Sum1/(Je-Jb+1); 
  SizeS1:=SizeS1New; 
  for J:=0 to SizeS1 do 
    Sig[J]:=Sig1[J]-Sum1; 
  Ymax:=-1e6; Ymin:=1e6; 
  for J:=0 to SizeS1 do begin 
    if Sig[J]>Ymax then Ymax:=Sig[J]; 
    if Sig[J]<Ymin then Ymin:=Sig[J] 
  end; 







  LeftX:=YlabelWidth+1; RightX:=YlabelWidth+PlotWidth-1; 
  PrMax:=Ymax; 
  Ymax:=Ymax*1e-3; 
  PrMin:=Ymin; 
  Ymin:=Ymin*1e-3; 
  Tb:=0; Te:=Dt*SizeS1; 
  PressureTimePlot; 
  Button4.Visible:=False; 
  PopupMenu1.AutoPopUp:=True; 
  IndexEnabled:=False; 
end; 
 
procedure TForm1.ApplyTaper1Click(Sender: TObject); 
begin 
  Xx:=0.75*Est*1e3; Yy:=0; 
  Scale; 
  LeftX:=Xin; 
  LeftColor:=RGB(255,0,0);  {clred} 
  RightX:=YlabelWidth+PlotWidth-Round(0.05*PlotWidth); 
  RightColor:=RGB(255,0,0); {clRed} 
  with Canvas do begin 
    Pen.Mode:=pmXor;            {use XOR mode to draw/erase} 
    Pen.Color:=LeftColor xor clWhite; 
    MoveTo(LeftX,Yoffset+PlotHeight-1); { move to left bottom 
} 
    LineTo(LeftX,Yoffset+1);            { draw to left top } 
    Pen.Color:=RightColor xor clWhite; 
    MoveTo(RightX,Yoffset+PlotHeight-1); { move to right 
bottom } 
    LineTo(RightX,Yoffset+1);            { draw to right top 
} 
    Pen.Mode:=pmCopy; 
  end; 
  PopupMenu1.AutoPopUp:=False; 
  IndexEnabled:=True; 
  with Button6 do begin 
    Left:=YlabelWidth+Round(0.4*PlotWidth); 
    Top:=Round(1.05*PlotHeight); 
    Visible:=True; 
  end; 
end; 
 
procedure TForm1.Button6Click(Sender: TObject); 
var 
  J:integer; 
var 
  Temp:integer; 
  M,Xf:single; 
begin 
  if LeftX > RightX then begin 







    Temp:=LeftX; LeftX:=RightX; RightX:=Temp;  { swap index 
} 
  end; 
  if LeftX<YlabelWidth then LeftX:=YlabelWidth; 
  if RightX<YlabelWidth then RightX:=YlabelWidth+1; 
  Xf:=(LeftX-YlabelWidth)/PlotWidth; 
  Jb:=Round(SizeS1*Xf); 
  Xf:=(RightX-YlabelWidth)/PlotWidth; 
  Je:=Round(SizeS1*Xf); 
  for J:=0 to SizeS1 do begin 
    if J<Jb then      M:=0.5*(1-cos(J*Pi/Jb)) 
    else if J<Je then M:=1 
    else              M:=0.5*(1+cos((J-Je)*Pi/(SizeS1-Je))); 
    Sig[J]:=M*Sig[J]; 
  end; 
  PressureTimePlot; 
{ 
  Canvas.Pen.Color:=clGreen; 
  Canvas.Pen.Color:=RGB(0,200,0); 
  for J:=0 to SizeS1 do begin 
    Xx:=J*Dt*1e3; Yy:=Sig[J]*1e-3; scale; 
    if J=0 then Canvas.MoveTo(Xin,Yin) else 
Canvas.LineTo(Xin,Yin); 
  end; 
} 
  PopupMenu1.AutoPopUp:=True; 
  Button6.Visible:=False; 
  IndexEnabled:=False; 
end; 
 
procedure TForm1.EstablishStartClick(Sender: TObject); 
var 
  J,Jb,Je,Lx:integer; 
  Yth,Ymx,L,Lth : single; 
begin 
  MenuSelection:=4; 
  Ymx:=-1e6; 
  Lth:=ThresholdLevel; 
{  Yth:=Exp((Lth-94)*Ln(10)/20);} 
  for J:=0 to SizeS1 do 
    if abs(Sig[J])>Ymx then begin 
      Ymx:=abs(Sig[J]); 
      Je:=J 
    end;                            { Je = sample # of peak 
} 
  L:=20*Log10(Ymx)+94; 
  if L>=140 then 
    Yth:=Exp((Lth-94)*Ln(10)/20) 
  else 
    Yth:=Ymx/50; 
  Jb:=0; 







  while abs(Sig[Jb])<Yth do Inc(Jb);    { Jb = sample # of 
threshold trigger } 
  SizeS1New:=SizeS1;                     { save original 
timescale } 
  SizeS1:=2*Je;                          { shift to new 
timescale  } 
  if SizeS1>SizeS1New then SizeS1:=SizeS1New; {may not be 
enough wave to show} 
{  Xmin:=0; Xmax:=Dt*SizeS1*1e3; Xstep:=StepSize((Xmax-
Xmin)/50); Nx:=5;} 
  Tb:=0; Te:=Dt*SizeS1; 
{ 
  Prmin:=0.1*Prmin;  Prmax:=0.1*Prmax; 
  Ymin:=Prmin; Ymax:=Prmax; 
} 
  PressureTimePlot; 
  Xx:=(Jb-0.5)*Dt*1e3; 
  Yy:=Sig[Jb]*1e-3; 
  Scale; 
  Canvas.Pen.Color:=RGB(255,0,0); 
  Canvas.MoveTo(Xin-10,Yin); 
  Canvas.LineTo(Xin+10,Yin); 
  Canvas.MoveTo(Xin,Yin-10); 
  Canvas.LineTo(Xin,Yin+10);    { put + just before trigger 
point } 
  LeftX:=Xin; 
  RightX:=YlabelWidth+Round(2.1*PlotWidth);  { put right 
cursor out of way } 
  LeftColor:= RGB(255,0,0);  {clred} 
  RightColor:=RGB(255,0,0); {clRed} 
  with Canvas do begin 
    Pen.Mode:=pmXor;            {use XOR mode to draw/erase} 
    Pen.Color:=LeftColor xor clWhite; 
    MoveTo(LeftX,Yoffset+PlotHeight-1); { move to left bottom 
} 
    LineTo(LeftX,Yoffset+1);            { draw to left top } 
    Pen.Color:=RightColor xor clWhite; 
    MoveTo(RightX,Yoffset+PlotHeight-1); { move to right 
bottom } 
    LineTo(RightX,Yoffset+1);            { draw to right top 
} 
    Pen.Mode:=pmCopy; 
  end; 
  if LeftX<Ylabelwidth then Lx:=YlabelWidth else Lx:=LeftX; 
  Jd:=Round(SizeS1*abs((Lx-YlabelWidth)/PlotWidth)); 
  Yy:=20*Log10(abs(Sig[Jd])+1e-6)+94; 
  Str(Yy:1:1,DStr); 
  StringGrid1.Cells[1,8]:=Dstr; 
  StringGrid1.Cells[2,8]:='dB at 5.0 msec'; 
  PopupMenu1.AutoPopUp:=False; 
  IndexEnabled:=True; 
  with Button5 do begin 







    Left:=YlabelWidth+Round(0.4*PlotWidth); 
    Top:=Round(1.05*PlotHeight); 
    Visible:=True; 
  end; 
end; 
 
procedure TForm1.Button5Click(Sender: TObject); 
var 
  J,Jb1:integer; 
  Xf:single; 
begin 
  if LeftX<YlabelWidth then LeftX:=YlabelWidth;                  
{pixels} 
  Xf:=(LeftX-YlabelWidth)/PlotWidth; 
 
  Jb:=Round(SizeS1*Xf); {# samples} 
  Jb1:=Jb-Round(Est/Dt); 
  SizeS1:=SizeS1New; 
  if Jb1>=0 then begin 
    for J:=Jb1 to SizeS1 do Sig[J-Jb1]:=Sig[J]; 
   { for J:=SizeS1-Jb to SizeS1 do Sig[J]:=0;} 
    SizeS1:=SizeS1-Jb1; 
  end 
  else begin 
    for J:=SizeS1 downto 0 do Sig[J-Jb1]:=Sig[J]; 
    for J:=-1 downto Jb1 do Sig[J-Jb1]:=0*Sig[-Jb1];  
{0*extend first sample} 
    SizeS1:=SizeS1-Jb1; 
 
{    for J:=SizeS1 downto -Jb do Sig[J]:=Sig[J+Jb]; 
    for J:=0 to -Jb-1 do Sig[J]:=Sig[-Jb]; 
} 
    {sextend first sample} 
{    SizeS1:=SizeS1+Jb;} 
  end; 
  Tb:=0; Te:=Dt*SizeS1; 
  PressureTimePlot; 
  Button5.Visible:=False; 
  PopupMenu1.AutoPopUp:=True; 
  IndexEnabled:=False; 
  StringGrid1.Cells[2,8]:='dB at 5.0 msec.'; 
  Str(SizeS1+1:0,Dstr); { number of samples} 
  StringGrid1.Cells[1,4]:=Dstr; 
end; 
 
 
 
procedure TForm1.Button7a; 
var 
  J : integer; 
begin 







  Application.ProcessMessages; 
  Button1.Visible:=False; 
  Prmax:=-1e6; Prmin:=1e6; 
  for J:=0 to SizeS1 do begin 
    if Sig[J]>Prmax then Prmax:=Sig[J]; 
    if Sig[J]<Prmin then Prmin:=Sig[J]; 
  end; 
  case CalNo of 
    0:CalVal:=CalVal*Prmax; 
    1:CalVal:=1.013e5*CalVal; 
    2:CalVal:=1e5*CalVal; 
    3:CalVal:=Exp((CalVal-94)*Ln10/20); 
    4:CalVal:=0.1*CalVal; 
    5:CalVal:=100*CalVal; 
    6:CalVal:=1e3*CalVal; 
    7:CalVal:=1*CalVal; 
    8:CalVal:=6895*CalVal; 
  end; 
  CalVal:=CalVal/Prmax; 
  for J:=0 to SizeS1 do Sig[J]:=CalVal*Sig[J]; 
  Prmax:=-1e6; Prmin:=1e6; 
  for J:=0 to SizeS1 do begin 
    if Sig[J]>Prmax then Prmax:=Sig[J]; 
    if Sig[J]<Prmin then Prmin:=Sig[J]; 
  end; 
{  PrMax:=PrMax*CalVal;      PrMin:=PrMin*CalVal;} 
  PressureTimePlot; 
{ 
  Canvas.Pen.Color:=clGreen; 
  Canvas.Pen.Color:=RGB(0,200,0); 
  for J:=0 to SizeS1 do begin 
    Xx:=J*Dt*1e3; Yy:=Sig[J]*1e-3; scale; 
    if J=0 then Canvas.MoveTo(Xin,Yin) else 
Canvas.LineTo(Xin,Yin); 
  end; 
} 
  PopupMenu1.AutoPopUp:=True; 
  IndexEnabled:=False; 
end; 
 
procedure TForm1.Atm1Click(Sender: TObject); 
begin 
  CalNo:=1; 
  CalVal:=1; Cst:='Atm'; Cfirst:=0; Clast:=100; 
  GetNumR(Cst,Cfirst,Clast,CalVal); 
  Button7a; 
end; 
 
procedure TForm1.Bar1Click(Sender: TObject); 
begin 
  CalNo:=2; 







  CalVal:=1; Cst:='Bar'; Cfirst:=0; Clast:=1000; 
  GetNumR(Cst,Cfirst,Clast,CalVal); 
  Button7a; 
end; 
 
procedure TForm1.PeakPressureLeveldB1Click(Sender: TObject); 
begin 
  CalNo:=3; 
  CalVal:=166; Cst:='PPL dB'; Cfirst:=0; Clast:=200; 
  GetNumR(Cst,Cfirst,Clast,CalVal); 
  Button7a; 
end; 
 
procedure TForm1.DynesCm21Click(Sender: TObject); 
begin 
  CalNo:=4; 
  CalVal:=1; Cst:='dynes/cm^2'; Cfirst:=0; Clast:=1000; 
  GetNumR(Cst,Cfirst,Clast,CalVal); 
  Button7a; 
end; 
 
procedure TForm1.millibarorhPa1Click(Sender: TObject); 
begin 
  CalNo:=5; 
  CalVal:=1; Cst:='Millibar'; Cfirst:=0; Clast:=1000; 
  GetNumR(Cst,Cfirst,Clast,CalVal); 
  Button7a; 
end; 
 
procedure TForm1.KiloPascals1Click(Sender: TObject); 
begin 
  CalNo:=6; 
  CalVal:=1; Cst:='KiloPascals'; Cfirst:=0; Clast:=300; 
  GetNumR(Cst,Cfirst,Clast,CalVal); 
  Button7a; 
end; 
 
procedure TForm1.Pascals1Click(Sender: TObject); 
begin 
  CalNo:=7; 
  CalVal:=1e4; Cst:='Pascals'; Cfirst:=0; Clast:=1e6; 
  GetNumR(Cst,Cfirst,Clast,CalVal); 
  Button7a; 
end; 
 
procedure TForm1.PSI1Click(Sender: TObject); 
begin 
  CalNo:=8; 
  CalVal:=1; Cst:='P.S.I.'; Cfirst:=0; Clast:=1000; 
  GetNumR(Cst,Cfirst,Clast,CalVal); 
  Button7a; 







end; 
 
procedure TForm1.PrinterSetup1Click(Sender: TObject); 
begin 
   PrinterSetupDialog1.Execute; 
end; 
 
procedure TForm1.Save1Click(Sender: TObject); 
var 
  Message1 : word; 
  I,K,M,Flen:integer; 
  FName:string; 
begin 
//  SizeS1:=262143; 
//  for I:=0 to SizeS1 do Sig[I]:=6894*RandG(0,1); 
  StringGrid1Entered:=False; 
  {SaveFileName:=OpenDialog1.Filename;} 
  
FilePath:=ANSIUpperCase(ExtractFilePath(OpenDialog1.Filenam
e)); 
  SaveDialog1.FileName:=OpenDialog1.Filename; 
  AssignFile(OutFText,SaveDialog1.Filename); 
  ReWrite(OutFText); 
  for K:=0 to HeaderLines do begin 
    for I:=0 to 2 do begin 
      Application.ProcessMessages; 
      if I=2 then 
        WriteLn(OutFText,StringGrid1.Cells[I,K]+char($20)) 
      else 
        
Write(OutFText,StringGrid1.Cells[I,K]+char($20)+char($09)); 
    end; 
  end; 
  Y:=Log2(SizeS1+1); 
  M:=Trunc(Y); 
  if Y-M>0.025 then M:=M+1; 
  SizeS1New:=Round(Exp(M*Ln(2)))-1; 
  for I:=SizeS1+1 to SizeS1New do Sig[I]:=0; 
  SizeS1:=SizeS1New; 
  for I:=0 to SizeS1 do begin 
    TrimFloat(Sig[I],Dstr); 
    WriteLn(OutFText,Dstr); 
  end; 
  CloseFile(OutFText); 
  ClearCanvas; 
  StringGrid1.Visible:=False; 
  FileOpen:=False; 
  MainMenu1.Items[1].Enabled:=False; 
  ProgressBar1.Visible:=False; 
end; 
 







 
procedure TForm1.SaveAs1Click(Sender: TObject); 
var 
  Message1 : word; 
  I,K,M,Flen:integer; 
  Fname: string; 
begin 
  if SizeS1<=SbufSize then begin 
    ChDir(CurrentDirectory); 
    StringGrid1Entered:=False; 
    SaveDialog1.Filter:='Auditorialy hazardous waveforms 
(*.AHA)|*.AHA'; 
    SaveDialog1.InitialDir:=CurrentDirectory; 
    SaveDialog1.DefaultExt:='AHA'; 
    FName:=ExtractFileName(OpenDialog1.Filename); 
    Flen:=pos('.',FName); 
    if Flen>0 then SetLength(FName,Flen-1); 
    SaveDialog1.Filename:=FName+'.AHA'; 
  {  SaveDialog1.FileName:='';} 
    if SaveDialog1.Execute then begin 
      
FilePath:=ANSIUpperCase(ExtractFilePath(SaveDialog1.Filenam
e)); 
      
FE:=ANSIUpperCase(ExtractFileExt(SaveDialog1.Filename)); 
      FName:=ExtractFileName(SaveDialog1.Filename); 
      Flen:=pos('.',FName); 
      if Flen>0 then SetLength(FName,Flen-1); 
      SaveDialog1.Filename:=FName+'.AHA'; 
      AssignFile(OutFText,SaveDialog1.Filename); 
      ReWrite(OutFText); 
      HeaderLines:=15; 
      HeaderLines:=29; 
 
      Y:=Log2(SizeS1+1); 
      M:=Trunc(Y); 
      if Y-M>0.025 then M:=M+1; 
      SizeS1New:=Round(Exp(M*Ln(2)))-1; 
      for I:=SizeS1+1 to SizeS1New do Sig[I]:=0; 
      SizeS1:=SizeS1New; 
      if SizeS1>SbufSize then begin 
        SizeS1:=SbufSize-1; 
        Str(SizeS1+1:0,Dstr); 
        StringGrid1.Cells[1,4]:=Dstr; 
      end; 
 
      with StringGrid1 do begin 
        for K:=0 to HeaderLines do begin 
          if (Cells[0,K]<>'') or (Cells[1,K]<>'') or 
(Cells[2,K]<>'') then begin 
            for I:=0 to 2 do begin 







              Application.ProcessMessages; 
              if I=2 then 
                WriteLn(OutFText,Cells[I,K]+char($20)) 
              else 
                
Write(OutFText,Cells[I,K]+char($20)+char($09)) 
            end 
          end 
        end 
      end; 
      for I:=0 to SizeS1 do begin 
        TrimFloat(Sig[I],Dstr); 
        WriteLn(OutFText,Dstr); 
      end; 
      CloseFile(OutFText); 
      ClearCanvas; 
      StringGrid1.Visible:=False; 
      FileOpen:=False; 
    end; 
    MainMenu1.Items[1].Enabled:=False; 
    ProgressBar1.Visible:=False; 
  end; 
end; 
 
procedure TForm1.CalculateHazard2; 
{ makes movie along with bargraph } 
var 
  Message1 : word; 
  J:integer; 
begin 
  Memo3.Visible:=False; 
{  StringGrid1.Visible:=False;} 
  PressureTimePlot; 
  with Canvas do begin 
    Pen.Color:=RGB(0,170,170); 
    for J:=0 to SizeS1 do begin 
      if J<=Kr then Yy:=0 
      else begin 
        Ex1:=Ex1*Ex2; 
        Yy:=Ymax*(1-Ex1); 
      end; 
      Xx:=Dt*J*1e3; Scale; 
      if J=0 then MoveTo(Xin,Yin) else LineTo(Xin,Yin); 
    end; 
  end; 
{  StringGrid1.Visible:=True;} 
  ModelSt:=StringGrid1.cells[1,3]; 
  val(ModelSt,ModelNo,Code); 
  if (ModelNo=1) or (ModelNo=4) then begin 
    LoopNumber:=24; 
    TimeDomainModel1; 







  end 
  else if ModelNo=2 then begin 
    LoopNumber:=23; 
    TimeDomainModel2; 
  end else if ModelNo=3 then begin 
    LoopNumber:=6; 
    TimeDomainModel3; 
  end; 
  CochlearModel; 
  if MaxHazard <1 then Str(MaxHazard:12:4,HazStr) 
  else if MaxHazard <10 then Str(MaxHazard:12:3,HazStr) 
  else if MaxHazard <100 then Str(MaxHazard:12:2,HazStr) 
  else if MaxHazard <1000 then Str(MaxHazard:12:1,HazStr) 
  else Str(MaxHazard:12:0,HazStr); 
  TrimLead(HazStr,' '); 
{  Edit1.Visible:=True;} 
  Edit1.Text:=HazStr+'  A.R.U.'; 
end; 
 
procedure TForm1.CalculateHazard3; 
{ makes movie along with bargraph } 
var 
  Message1 : word; 
  J:integer; 
begin 
  Memo3.Visible:=False; 
{  StringGrid1.Visible:=False;} 
  PressureTimePlot; 
  with Canvas do begin 
    Pen.Color:=RGB(0,170,170); 
    for J:=0 to SizeS1 do begin 
      if J<=Kr then Yy:=0 
      else begin 
        Ex1:=Ex1*Ex2; 
        Yy:=Ymax*(1-Ex1); 
      end; 
      Xx:=Dt*J*1e3; Scale; 
      if J=0 then MoveTo(Xin,Yin) else LineTo(Xin,Yin); 
    end; 
  end; 
{  StringGrid1.Visible:=True;} 
  ModelSt:=StringGrid1.cells[1,3]; 
  val(ModelSt,ModelNo,Code); 
  if (ModelNo=1) or (ModelNo=4) then begin 
    LoopNumber:=24; 
    TimeDomainModel6; 
  end; 
  if ModelNo=2 then begin 
    LoopNumber:=24; 
    TimeDomainModel6; 
  end; 







  if (ModelNo=1) or (ModelNo=4) then begin 
    LoopNumber:=24; 
    TimeDomainModel6; 
  end; 
(* 
  CochlearModel; 
  if MaxHazard <1 then Str(MaxHazard:12:4,HazStr) 
  else if MaxHazard <10 then Str(MaxHazard:12:3,HazStr) 
  else if MaxHazard <100 then Str(MaxHazard:12:2,HazStr) 
  else if MaxHazard <1000 then Str(MaxHazard:12:1,HazStr) 
  else Str(MaxHazard:12:0,HazStr); 
  TrimLead(HazStr,' '); 
{  Edit1.Visible:=True;} 
  Edit1.Text:=HazStr+'  A.R.U.'; 
*) 
end; 
 
procedure TForm1.CalculateHazard4; 
{ makes movie along with bargraph } 
var 
  Message1 : word; 
  J:integer; 
begin 
  Memo3.Visible:=False; 
{  StringGrid1.Visible:=False;} 
  PressureTimePlot; 
  with Canvas do begin 
    Pen.Color:=RGB(0,170,170); 
    for J:=0 to SizeS1 do begin 
      if J<=Kr then Yy:=0 
      else begin 
        Ex1:=Ex1*Ex2; 
        Yy:=Ymax*(1-Ex1); 
      end; 
      Xx:=Dt*J*1e3; Scale; 
      if J=0 then MoveTo(Xin,Yin) else LineTo(Xin,Yin); 
    end; 
  end; 
{  StringGrid1.Visible:=True;} 
  ModelSt:=StringGrid1.cells[1,3]; 
  val(ModelSt,ModelNo,Code); 
  if (ModelNo=1) or (ModelNo=4) or (ModelNo=5) then begin 
    LoopNumber:=24; 
    TimeDomainModel7; 
  end; 
(* 
  CochlearModel; 
  if MaxHazard <1 then Str(MaxHazard:12:4,HazStr) 
  else if MaxHazard <10 then Str(MaxHazard:12:3,HazStr) 
  else if MaxHazard <100 then Str(MaxHazard:12:2,HazStr) 
  else if MaxHazard <1000 then Str(MaxHazard:12:1,HazStr) 







  else Str(MaxHazard:12:0,HazStr); 
  TrimLead(HazStr,' '); 
{  Edit1.Visible:=True;} 
  Edit1.Text:=HazStr+'  A.R.U.'; 
*) 
end; 
 
procedure TForm1.NoProtectorWarned1Click(Sender: TObject); 
var 
  Message1:word; 
  NewItem,NewItem2 : TMenuItem; 
begin 
  MainMenu1.Items[1].Enabled:=False; {Analyze} 
  for J:=0 to SizeS1 do Sig[J]:=ISig[J]; { restore in case 
want another hpd } 
  PlotNew:=True; 
  PressureTimePlot; 
  if MovieOpen Then CancelMovieClick(Sender);{ Disposes 
previous Ma } 
  ProgressBar1.Visible:=True; 
  Edit1.Visible:=True; 
  Edit1.Text:='WARNED'; 
  Application.ProcessMessages; 
  if FileOpen then begin 
{    OpenNewFileType5;} 
{    New(Ma);} 
    MovieOpen:=True; 
    PopupMenu1.AutoPopUp:=False; 
    MemDelay1:=-50e-3; 
    CalculateHazard2; 
    Str(500/MaxHazard:1:1,Dstr); 
    Val(StringGrid1.Cells[1,3],Xx,Code); 
    if (Xx=1) or (Xx=4) then begin 
      StringGrid1.Cells[0,5]:='Number of exposures with no 
protector, warned'; 
      StringGrid1.Cells[0,6]:='Number of exposures with no 
protector, unwarned' 
    end else begin 
      StringGrid1.Cells[0,5]:='Number of exposures with 
selected protector, warned'; 
      StringGrid1.Cells[0,6]:='Number of exposures with 
selected protector, unwarned' 
    end; 
    StringGrid1.Cells[1,5]:=Dstr; 
    StringGrid1.Cells[2,5]:=HazStr+' A.R.U.'; 
    Application.ProcessMessages; 
    NewItem2:=TMenuItem.Create(MainMenu1); 
    NewItem2.Caption:='Movie[Cancel ,'; 
    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem2); 
    NewItem2.OnClick:=CancelMovieClick; 
    NewItem:=TMenuItem.Create(MainMenu1); 







    NewItem.Caption:='Stapes Displacement]'; 
    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem); 
    NewItem.OnClick:=AnimateClick; 
  end; 
  PopupMenu1.AutoPopUp:=True; 
  MainMenu1.Items[1].Enabled:=True; 
  Application.ProcessMessages; 
end; 
 
procedure TForm1.NoProtectorUnWarned1Click(Sender: TObject); 
var 
  Message1:word; 
  NewItem,NewItem2 : TMenuItem; 
begin 
  for J:=0 to SizeS1 do Sig[J]:=ISig[J]; { restore in case 
want another hpd } 
  PlotNew:=True; 
  PressureTimePlot; 
  if MovieOpen Then CancelMovieClick(Sender); { Disposes 
previous Ma } 
  ProgressBar1.Visible:=True; 
  Edit1.Visible:=True; 
  Edit1.Text:='UNWARNED'; 
  Application.ProcessMessages; 
  if FileOpen then begin 
{    OpenNewFileType5;} 
{    New(Ma);} 
    MovieOpen:=True; 
    PopupMenu1.AutoPopUp:=False; 
    MemDelay1:=MemDelay; 
    CalculateHazard2; 
    Str(500/MaxHazard:1:1,Dstr); 
    Val(StringGrid1.Cells[1,3],Xx,Code); 
    if (Xx=1) or (Xx=4) then begin 
      StringGrid1.Cells[0,5]:='Number of exposures with no 
protector, warned'; 
      StringGrid1.Cells[0,6]:='Number of exposures with no 
protector, unwarned' 
    end else begin 
      StringGrid1.Cells[0,5]:='Number of exposures with 
selected protector, warned'; 
      StringGrid1.Cells[0,6]:='Number of exposures with 
selected protector, unwarned' 
    end; 
    StringGrid1.Cells[1,6]:=Dstr; 
    StringGrid1.Cells[2,6]:=HazStr+' A.R.U.'; 
    Application.ProcessMessages; 
    NewItem2:=TMenuItem.Create(MainMenu1); 
    NewItem2.Caption:='Movie[Cancel ,'; 
    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem2); 
    NewItem2.OnClick:=CancelMovieClick; 







    NewItem:=TMenuItem.Create(MainMenu1); 
    NewItem.Caption:='Stapes Displacement]'; 
    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem); 
    NewItem.OnClick:=AnimateClick; 
  end; 
  PopupMenu1.AutoPopUp:=True; 
  MainMenu1.Items[1].Enabled:=True; 
  Application.ProcessMessages; 
end; 
 
procedure TForm1.NewWaveform1Click(Sender: TObject); 
var 
  ColStr : STRING; 
  h,w,Attributes,Done : integer; 
  I,J,K : longint; 
begin 
  ImportOpen:=True; 
  PlotNew:=True; 
  if MovieOpen then CancelMovieClick(Sender); 
  h:=Form1.ClientHeight; 
  w:=Form1.ClientWidth; 
  with StringGrid1 do begin 
    Height:=Round(0.5*h)-0*4; 
    top:=0; 
    left:=0; 
    Width:=w; 
    ColWidths[0]:=Round(0.2*w); 
    ColWidths[1]:=Round(0.1*w); 
    ColWidths[2]:=Round(0.66*w); 
    Visible:=True; 
    Cells[0,0]:='PARAMETER'; 
    Cells[1,0]:='VALUE'; 
    Cells[2,0]:='COMMENT'; 
    Cells[0,1]:='Title for waveform plot'; 
    Cells[1,1]:=''; 
    Cells[2,1]:='NEW SOURCE'; 
    Cells[0,2]:='Sampling rate'; 
    Cells[1,2]:='200000'; 
    Cells[2,2]:='(samples/sec = 1e6/Dt, Dt=time/sample 
(microseconds) 44100 for WAV files)'; 
    Cells[0,3]:='Microphone relative to ear'; 
    Cells[1,3]:='1'; 
    Cells[2,3]:='1: Free-field near Human, 2: Ear-canal 
entrance, 3: Eardrum, 4: Free-field near Manikin, 5: Free-
field alone'; 
    Cells[0,4]:='Number of Samples'; 
    Cells[1,4]:=''; 
    Cells[2,4]:='typically 4096 or 8192 rounded to nearest 
power of two during analysis'; 
    Cells[0,5]:='Nu'; 
    Cells[1,5]:=''; 







    Cells[2,5]:='allowed number of unwarned exposures'; 
    Cells[0,6]:='Nw'; 
    Cells[1,6]:=''; 
    Cells[2,6]:='allowed number of warned exposures'; 
    Cells[0,7]:='Peak pressure level'; 
    Cells[1,7]:=''; 
    Cells[2,7]:='dB'; 
    Cells[0,8]:='Establish start level'; 
    Cells[1,8]:=''; 
    Cells[2,8]:='dB'; 
    Cells[0,9]:='LAeq8hr'; 
    Cells[1,9]:=''; 
    Cells[2,9]:='dB'; 
    Cells[0,10]:='A-weighted energy'; 
    Cells[1,10]:=''; 
    Cells[2,10]:='joules per square meter'; 
    Cells[0,11]:='Na'; 
    Cells[1,11]:=''; 
    Cells[2,11]:='allowed number of exposures based on A-
weight energy at eardrum of manikin'; 
    Cells[0,12]:='N1'; 
    Cells[1,12]:=''; 
    Cells[2,12]:='allowed number of single hearing protected 
exposures MIL-STD-1474D'; 
    Cells[0,13]:='N2'; 
    Cells[1,13]:=''; 
    Cells[2,13]:='allowed number of double hearing protected 
exposures'; 
    Cells[0,14]:='Ta'; 
    Cells[1,14]:=''; 
    Cells[2,14]:='A-duration milliseconds'; 
    Cells[0,15]:='Tb'; 
    Cells[1,15]:=''; 
    Cells[2,15]:='B-duration milliseconds'; 
    for K:=16 to 29 do 
      for I:=0 to 2 do Cells[I,K]:=''; 
  end; 
  Memo3.Visible:=False; 
  OpenDialog1.Filter:='All files *.*|*.*|WAV files|*.WAV'; 
  OpenDialog1.DefaultExt:='*'; 
  if OpenDialog1.Execute then begin 
    GetDir(0,CurrentDirectory); 
    StringGrid1.Visible:=True; 
    
FE:=ANSIUpperCase(ExtractFileExt(OpenDialog1.Filename)); 
    FileName:=ExtractFileName(OpenDialog1.Filename); 
    Attributes:=FileGetAttr(FileName); 
 
    Attributes:=Attributes and not (faReadOnly or faHidden); 
    Done:=FileSetAttr(FileName,Attributes); 
    Application.processmessages; 







 
    Form1.Caption:='AHAAH INTENSE SOUND HAZARD IMPORTING 
FILE: '+FileName; 
    PopupMenu1.AutoPopUp:=true; 
    MainMenu1.Items[1].Enabled:=False;          { Analyze } 
    MainMenu1.Items[0].Items[4].Enabled:=False; { Save AHA } 
    MainMenu1.Items[0].Items[5].Enabled:=True;  { Save AHA 
AS} 
    OpenNewFileType4; 
    PressureTimePlot; 
    OpenDialog1.InitialDir:=''; 
  end; 
end; 
 
(* 
procedure TForm1.ExamineWaveform1Click(Sender: TObject); 
begin 
  LeftX:=YlabelWidth+Round(0.1*PlotWidth); {-1 outside form 
} 
{  LeftX:=YlabelWidth;} 
  LeftColor:=RGB(255,0,0);  {clred} 
  RightX:=YlabelWidth+PlotWidth-Round(0.1*PlotWidth); 
  RightColor:=RGB(255,0,0); {clRed} 
  with Canvas do begin 
    Pen.Mode:=pmXor;            {use XOR mode to draw/erase} 
    Pen.Color:=LeftColor xor clWhite; 
    MoveTo(LeftX,Yoffset+PlotHeight-1); { move to left bottom 
} 
    LineTo(LeftX,Yoffset+1);            { draw to left top } 
    Pen.Color:=RightColor xor clWhite; 
    MoveTo(RightX,Yoffset+PlotHeight-1); { move to right 
bottom } 
    LineTo(RightX,Yoffset+1);            { draw to right top 
} 
    Pen.Mode:=pmCopy; 
  end; 
  PopupMenu1.AutoPopUp:=False; 
  PopupMenu:=PopupMenu2; 
  PopupMenu2.AutoPopUp:=True; 
 
  IndexEnabled:=True; 
  with Button9 do begin 
    Left:=YlabelWidth+PlotWidth-Round(0.1*0.05*PlotWidth)-
Width; 
    Top:=Yoffset+PlotHeight-Round(0.1*0.05*PlotHeight)-
Height; 
    Visible:=True; 
  end; 
end; 
 
procedure TForm1.Button9Click(Sender: TObject); 







var 
  Temp: integer; 
begin 
  if LeftX > RightX then begin   { show examined section 
change popup menu options } 
    Temp:=LeftX; LeftX:=RightX; RightX:=Temp;  { swap index 
} 
  end; 
  if LeftX<YlabelWidth then LeftX:=YlabelWidth; 
  if RightX<YlabelWidth then RightX:=YlabelWidth+1; 
  Jb:=Round(SizeS1*(LeftX-YlabelWidth)/PlotWidth); 
  Je:=Round(SizeS1*(RightX-YlabelWidth)/PlotWidth); 
  SizeS1New:=SizeS1; 
  for J:=0 to SizeS1 do Sig1[J]:=Sig[J]; 
  for J:=Jb to Je do Sig[J-Jb]:=Sig[J]; 
  SizeS1:=Je-Jb; 
  LeftX:=YlabelWidth+1; RightX:=YlabelWidth+PlotWidth-1; 
  PressureTimePlot; 
  PopupMenu1.AutoPopUp:=True; 
  Button2.Visible:=False; 
{  IndexEnabled:=False;} 
  Str(SizeS1+1,SizeSt); 
  StringGrid1.Cells[1,4]:=SizeSt; 
  PressureTimePlot; 
  Button9.Visible:=False; 
{ 
  Xx:=Est*1e3; Yy:=0; 
  Scale; 
  LeftX:=Xin; 
} 
  LeftX:=YlabelWidth+Round(0.1*PlotWidth); 
  LeftColor:=RGB(255,0,0);  {clred} 
  RightX:=YlabelWidth+PlotWidth-Round(0.1*PlotWidth); 
  RightColor:=RGB(255,0,0); {clRed} 
  with Canvas do begin 
    Pen.Mode:=pmXor;            {use XOR mode to draw/erase} 
    Pen.Color:=LeftColor xor clWhite; 
    MoveTo(LeftX,Yoffset+PlotHeight-1); { move to left bottom 
} 
    LineTo(LeftX,Yoffset+1);            { draw to left top } 
    Pen.Color:=RightColor xor clWhite; 
    MoveTo(RightX,Yoffset+PlotHeight-1); { move to right 
bottom } 
    LineTo(RightX,Yoffset+1);            { draw to right top 
} 
    Pen.Mode:=pmCopy; 
  end; 
  with Button10 do begin 
    Left:=YlabelWidth+PlotWidth-Round(0.1*0.05*PlotWidth)-
Width; 
    Top:=Yoffset+PlotHeight-Round(0.1*0.05*PlotHeight)-
Height; 







    Visible:=True; 
  end; 
end; 
 
procedure TForm1.Button10Click(Sender: TObject); 
begin 
  Button10.Visible:=False;  { return to original wave } 
  PopupMenu2.AutoPopUp:=False; 
  PopupMenu:=PopupMenu1; 
  PopupMenu1.AutoPopUp:=True; 
  SizeS1:=SizeS1New; 
  for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
  PressureTimePlot; 
end; 
*) 
procedure TForm1.Multiplydatabykeyboardinput1Click(Sender: 
TObject); 
begin 
  CalVal:=6894; 
  GetNumR('Scale factor ',-1000000,1000000,CalVal); 
  CalNo:=0; 
  Button7a; 
end; 
 
procedure TForm1.Button11Click(Sender: TObject); 
var 
  J:integer; 
begin 
{  PressureTimePlot;} 
  PopupMenu1.AutoPopUp:=True; 
  Button11.Visible:=False; 
  IndexEnabled:=False; 
  Str(SizeS1+1,SizeSt); 
  StringGrid1.Cells[1,4]:=SizeSt; 
  Ymax:=-1e6; Ymin:=1e6; 
  for J:=0 to SizeS1 do begin 
    if Sig[J]>Ymax then Ymax:=Sig[J]; 
    if Sig[J]<Ymin then Ymin:=Sig[J] 
  end; 
  PrMax:=Ymax; 
  PrMin:=Ymin; 
  PressureTimePlot; 
end; 
 
procedure TForm1.Stats1Click(Sender: TObject); 
var 
  J:integer; 
begin 
  if SizeS1<=SbufSize then begin 
    MenuSelection:=6; 







    for J:=0 to SizeS1 do Sig1[J]:=Sig[J]; { save original 
wave } 
    SizeS1New:=SizeS1; 
    LeftX:=YlabelWidth+Round(0.02*PlotWidth); {-1 outside 
form } 
    LeftColor:=RGB(255,0,0);  {clred} 
    RightX:=YlabelWidth+PlotWidth-Round(0.02*PlotWidth); { 
clw" " } 
    RightColor:=RGB(255,0,0); {clRed} 
    with Canvas do begin 
      Pen.Mode:=pmXor;            {use XOR mode to draw/erase} 
      Pen.Color:=LeftColor xor clWhite; 
      MoveTo(LeftX,Yoffset+PlotHeight-1); { move to left 
bottom } 
      LineTo(LeftX,Yoffset+1);            { draw to left top 
} 
      Pen.Color:=RightColor xor clWhite; 
      MoveTo(RightX,Yoffset+PlotHeight-1); { move to right 
bottom } 
      LineTo(RightX,Yoffset+1);            { draw to right 
top } 
      Pen.Mode:=pmCopy; 
    end; 
    PopupMenu1.AutoPopUp:=False; 
    IndexEnabled:=True; 
    with Button12 do begin 
      Left:=YlabelWidth+Round(0.4*PlotWidth); 
      Top:=Round(1.05*PlotHeight); 
      Visible:=True; 
    end; 
  end; 
end; 
 
procedure TForm1.Button12Click(Sender: TObject); 
var 
  J: integer; 
begin 
(* 
  if LeftX > RightX then begin 
    Temp:=LeftX; LeftX:=RightX; RightX:=Temp;  { swap index 
} 
  end; 
  if LeftX<YlabelWidth then LeftX:=YlabelWidth; 
  if RightX<YlabelWidth then RightX:=YlabelWidth+1; 
  Jb:=Round(SizeS1*(LeftX-YlabelWidth)/PlotWidth); 
  Je:=Round(SizeS1*(RightX-YlabelWidth)/PlotWidth); 
  for J:=Jb to Je do Sig[J-Jb]:=Sig[J]; 
  SizeS1:=Je-Jb; 
  LeftX:=YlabelWidth+1; RightX:=YlabelWidth+PlotWidth-1; 
*) 







  for J:=0 to SizeS1New do Sig[J]:=Sig1[J]; { save original 
wave } 
  SizeS1:=SizeS1New; 
  Tb:=0; Te:=SizeS1*Dt; 
{  PressureTimePlot;} 
  PopupMenu1.AutoPopUp:=True; 
  Button12.Visible:=False; 
  IndexEnabled:=False; 
  Str(SizeS1+1,SizeSt); 
  StringGrid1.Cells[1,4]:=SizeSt; 
  PressureTimePlot; 
end; 
 
procedure TForm1.Resample1Click(Sender: TObject); 
var 
  DtStr:string; 
  message1 : word; 
  I,J,Jmax : integer; 
  T,T1,Sr1,Tend : single; 
 
begin 
 Sr1:=1/Dt; 
 Str(Sr1:0:0,DtStr); 
 Message1:=MessageDlg('Sample rate = '+DtStr+' samples/sec. 
'+ 
 'Change sample rate?',mtConfirmation,[mbOK,mbCancel],0); 
 if Message1=mrOK then begin 
   GetNumR('Sample rate in samples/sec', 0.1,10000000,Sr1); 
   Dt1:=1/Sr1; 
   T:=0; 
   I:=0; 
   Tend:=SizeS1*Dt; 
   Jmax:=Trunc(Tend/Dt1); 
   J:=1; 
   Sig1[0]:=Sig[0]; 
   repeat 
     T1:=J*Dt1; 
     while T<T1 do begin 
       Inc(I); 
       T:=I*Dt; 
     end; 
     { T just above T1 all the way to end } 
     Sig1[J]:=Sig[I]+(T1-T)*(Sig[I]-Sig[I-1])/Dt; 
     Inc(J); 
   until J>Jmax; 
   for J:=0 to Jmax do Sig[J]:=Sig1[J]; 
   for J:=Jmax+1 to SbufSize do Sig[J]:=0; 
   SizeS1:=Jmax; 
   Te:=SizeS1*Dt1; 
   Str(SizeS1+1,SizeSt); 
   StringGrid1.Cells[1,4]:=SizeSt; 







   Dt:=Dt1; 
   SampleRate:=1/Dt; 
   Str(SampleRate:0:0,Dstr); 
   StringGrid1.Cells[1,2]:=Dstr; 
   {TitleLabel :=StringGrid1.Cells[2,1];} 
   PressureTimePlot; 
 end; 
end; 
 
 
procedure TForm1.AnimateClick(Sender: TObject); 
var 
  Message1 : word; 
  NewItem : TMenuItem; 
begin 
  ProgressBar1.Visible:=False; 
  StringGrid1.Visible:=False; 
  Application.ProcessMessages; 
  for J:=0 to SizeS1 do Sig1[J]:=Ma^[J,0]; 
  PlotStDispTime; 
  MainMenu1.Items.Delete(MainMenu1.Items.Count-1); 
  NewItem:=TMenuItem.Create(MainMenu1); 
  NewItem.Caption:='Unwrap Cochlea]'; 
  MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem); 
  NewItem.OnClick:=UnwrapCochleaClick; 
end; 
 
procedure TForm1.UnwrapCochleaClick(Sender: TObject); 
var 
  Message1 : word; 
  NewItem : TMenuItem; 
  I : integer; 
begin 
  BmdMax:=-1e6; BmdMin:=1e6; 
  Hmin:=0; Hmax:=0; 
  for I:=1 to XBmNoMax do begin 
    if Ma^[-3,I]>HMax then   Hmax  :=Ma^[-3,I]; 
    if Ma^[-2,I]>BmdMax then BmdMax:=Ma^[-2,I]; 
    if Ma^[-1,I]<BmdMin then BmdMin:=Ma^[-1,I]; 
  end; 
  PlotBMDispSpace; 
  PressureTimePlot2; 
  MainMenu1.Items.Delete(MainMenu1.Items.Count-1); 
  NewItem:=TMenuItem.Create(MainMenu1); 
  NewItem.Caption:='Hazard Animation]'; 
  MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem); 
  NewItem.OnClick:=MovieStartClick; 
end; 
 
 
procedure TForm1.FormKeyDown(Sender: TObject; var Key: Word; 







  Shift: TShiftState); 
begin 
  case Key of 
    VK_Return: PauseFlag:=1-PauseFlag; 
    VK_End:  TIndex:=SizeS1-1; 
    VK_Home: 
      if not startover then begin 
        TIndex:=SizeS1-1; 
        StartOver:=True; 
      end; 
   {VK_Left:;} 
    VK_Up: begin 
      Dec(TimeOutMSec); 
      if TimeOutMSec<1 then TimeOutMSec:=1; 
    end; 
   {VK_Right:;} 
    VK_Down: Inc(TimeOutMSec); 
  end; 
end; 
 
 
procedure TForm1.Movie; 
var 
  Upwd : array[1..XbmNoMax] of boolean; 
  Maxs : array[1..XbmNoMax] of single; 
  Maxhi : array[1..2,1..XbmNoMax] of single; 
  BIndex : integer; 
  Haz1,Haz2 : single; 
begin 
{  PlotBMDispSpace;} 
  PauseFlag:=0; 
  Alpha:=-Ln(SweightApex)/XbApex; 
  DeltX:=(XbmTo-XbmFrom)/(XbmNo-1); 
  Factoro:=SweightBase*Exp(-Alpha*XbmFrom); 
  Factor:=Factoro; 
  Ex:=Exp(-Alpha*DeltX); 
  Ymax:=BmdMax; Ymin:=BmdMin; 
  Sy:=PlotHeight/(Ymin-Ymax); 
  with canvas do begin 
    pen.mode:=pmCopy; 
{ 
    pen.color:=clpurple; 
    Xx:=XbmFrom; Yy:=0; scale; MoveTo(Xin,Yin); 
    Xx:=XbmTo;   Yy:=0; scale; LineTo(Xin,Yin); 
} 
    pen.color:=clblue; 
    for BIndex:=1 to XbmNo do begin 
      Xx:=XbmFrom+(BIndex-1)*DeltX; Yy:=Ma^[-2,BIndex]; 
scale; 
      if BIndex=1 then MoveTo(Xin,Yin) else LineTo(Xin,Yin); 
    end; 







    for BIndex:=1 to XbmNo do begin 
      Xx:=XbmFrom+(BIndex-1)*DeltX; Yy:=Ma^[-1,BIndex]; 
scale; 
      if BIndex=1 then MoveTo(Xin,Yin) else LineTo(Xin,Yin) 
    end; 
    for BIndex:=1 to XbmNo do begin 
      Upwd[BIndex]:=False;  Maxs[BIndex]:=PlotHeight; 
      Maxhi[1,BIndex]:=0;   Maxhi[2,BIndex]:=0; 
    end; 
 
    pen.mode:=pmXor; 
    pen.color:=RGB(0,255,0) XOR clWhite; 
    TIndex:=1; 
    for BIndex:=1 to XbmNo-1 do begin 
      Xx:=XbmFrom+(BIndex-1)*DeltX; Xx1:=Xx; 
      Yy:=Ma^[TIndex,BIndex];     scale; 
canvas.MoveTo(Xin,Yin); 
      Xx:=Xx1+DeltX; 
      Yy:=Ma^[TIndex,BIndex+1];   scale; 
canvas.LineTo(Xin,Yin); 
    end; 
    pen.color:=rgb(255,0,0) XOR clWhite; 
    for BIndex:=1 to XbmNo-1 do begin 
      Xx:=XbmFrom+(BIndex-1)*DeltX; Xx1:=Xx; 
      Yy:=Maxhi[1,BIndex];   scale2; canvas.MoveTo(Xin,Yin); 
      Xx:=Xx1+DeltX; 
      Yy:=Maxhi[1,BIndex+1]; scale2; canvas.LineTo(Xin,Yin); 
    end; 
    repeat 
      HRT.StartTimer; 
      pen.mode:=pmXor; 
      pen.color:=RGB(0,255,0) XOR clWhite; 
      for BIndex:=1 to XbmNo-1 do begin 
        Xx:=XbmFrom+(BIndex-1)*DeltX; Xx1:=Xx; 
        Yy:=Ma^[TIndex,BIndex];     scale; 
canvas.MoveTo(Xin,Yin); 
        Xx:=Xx1+DeltX; 
        Yy:=Ma^[TIndex,BIndex+1];   scale; 
canvas.LineTo(Xin,Yin); 
        Xx:=Xx1; 
        Yy:=Ma^[TIndex+1,BIndex];   scale; 
canvas.MoveTo(Xin,Yin); 
        Xx:=Xx1+DeltX; 
        Yy:=Ma^[TIndex+1,BIndex+1]; scale; 
canvas.LineTo(Xin,Yin); 
      end; 
      Factor:=Factoro; 
      for BIndex:=1 to XbmNo do begin 
        Yy:=Ma^[TIndex,BIndex]; 
        if Yy>0 then begin 
          if Upwd[BIndex] then begin 







            if Yy*Factor>Maxs[BIndex] then 
Maxs[BIndex]:=Yy*Factor 
          end 
          else begin 
            Upwd[BIndex]:=True; 
            Maxs[BIndex]:=Yy*Factor 
          end 
        end 
        else begin 
          if Upwd[BIndex] then begin 
            Upwd[BIndex]:=False; 
            if Maxs[BIndex]>DamageThreshold then begin 
              
Maxhi[2,BIndex]:=Maxhi[2,BIndex]+Exp(Bcoef*Ln(Maxs[BIndex]-
DamageThreshold)); 
            end 
          end 
        end; 
        Factor:=Factor*Ex 
      end; 
      pen.color:=rgb(255,0,0) XOR clWhite; 
      for BIndex:=1 to XbmNo-1 do begin 
        Xx:=XbmFrom+(BIndex-1)*DeltX; Xx1:=Xx; 
        Yy:=Maxhi[1,BIndex];     scale2; 
canvas.MoveTo(Xin,Yin); 
        Xx:=Xx1+DeltX; 
        Yy:=Maxhi[1,BIndex+1];   scale2; 
canvas.LineTo(Xin,Yin); 
        Xx:=Xx1; 
        Yy:=Maxhi[2,BIndex];     scale2; 
canvas.MoveTo(Xin,Yin); 
        Xx:=Xx1+DeltX; 
        Yy:=Maxhi[2,BIndex+1];   scale2; 
canvas.LineTo(Xin,Yin); 
        if BIndex=BIndexMax then begin 
          Haz1:=Maxhi[1,BIndex]; 
          Haz2:=Maxhi[2,BIndex] 
        end; 
        Maxhi[1,BIndex]:=Maxhi[2,BIndex]; 
      end; 
      Maxhi[1,XbmNo]:=Maxhi[2,XBmNo]; 
      pen.mode:=pmCopy; 
      pen.color:=clGreen; 
      Xx:=(TIndex-1)*Dt*1e3; Yy:=1e-3*Sig[TIndex-1]; 
        scale1; canvas.moveto(Xin,Yin); 
      Xx:=TIndex*Dt*1e3;     Yy:=1e-3*Sig[TIndex]; 
        scale1; canvas.lineto(Xin,Yin); 
 
      pen.color:=clRed; 
      Xx:=(TIndex-1)*Dt*1e3; Yy:=Haz1; 
        scale3; canvas.moveto(Xin,Yin); 







      Xx:=TIndex*Dt*1e3;     Yy:=Haz2; 
        scale3; canvas.lineto(Xin,Yin); 
 
      if TimeOutMSec<>0 then begin 
        Application.ProcessMessages; 
      end; 
      repeat 
        ElapsedTime:=HRT.ReadTimer; 
      until ElapsedTime>TimeOutMSec; 
      repeat 
        Application.ProcessMessages; 
      until PauseFlag=0; 
      Inc(TIndex) 
    until TIndex=SizeS1; 
  end; 
end; 
 
procedure TForm1.MovieStartClick(Sender: TObject); 
var 
  NewRect : TRect; 
  NewItem,NewItem3 : TMenuItem; 
begin 
  StartOver:=False; 
  MainMenu1.Items.Delete(MainMenu1.Items.Count-1); 
 
 
  MainMenu1.Items.Delete(MainMenu1.Items.Count-1); 
  NewItem:=TMenuItem.Create(MainMenu1); 
  NewItem.Caption:='Movie[Cancel]'; 
  MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem); 
  NewItem.OnClick:=CancelMovieClick; 
 
 
 
{ 
  NewItem:=TMenuItem.Create(MainMenu1); 
  NewItem.Caption:='Save, '; 
  MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem); 
  NewItem.OnClick:=SaveMovieClick; 
  NewItem3:=TMenuItem.Create(MainMenu1); 
  NewItem3.Caption:='ReRun]'; 
  NewItem.OnClick:=ReRunMovieClick; 
  MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem3); 
} 
  repeat 
    if StartOver then begin 
      Ymax:=Y1max; Ymin:=Y1min; Sx:=S1x; Sy:=S1y; 
Yoffset:=Y1offset; 
      PressureTimePlot; 
      StartOver:=False; 
    end; 







    
NewRect:=Rect(0,Y2offset,GraphWidth,Y2offset+GraphHeight); 
Canvas.FillRect(NewRect); 
    PlotBMDispSpace; 
    Movie; 
  until not StartOver; 
{ ClearCanvas;} 
{ Edit1.Visible:=False; } 
{ RestoreForm;} 
end; 
 
 
procedure TForm1.ReRunMovieClick(Sender: TObject); 
var 
  Message1 : word; 
begin 
  PlotBMDispSpace; 
  MainMenu1.Items.Delete(MainMenu1.Items.Count-1); 
  MainMenu1.Items.Delete(MainMenu1.Items.Count-1); 
  ClearCanvas; 
end; 
 
procedure TForm1.SaveMovieClick(Sender: TObject); 
var 
  Message1 : word; 
begin 
  PlotBMDispSpace; 
  MainMenu1.Items.Delete(MainMenu1.Items.Count-1); 
  MainMenu1.Items.Delete(MainMenu1.Items.Count-1); 
  ClearCanvas; 
end; 
 
procedure TForm1.CancelMovieClick(Sender: TObject); 
begin 
  if MainMenu1.Items.Count=8 then 
    MainMenu1.Items.Delete(MainMenu1.Items.Count-1); 
  if MainMenu1.Items.Count=7 then 
    MainMenu1.Items.Delete(MainMenu1.Items.Count-1); 
  if MainMenu1.Items.Count=6 then 
    MainMenu1.Items.Delete(MainMenu1.Items.Count-1); 
  if MainMenu1.Items.Count=5 then 
    MainMenu1.Items.Delete(MainMenu1.Items.Count-1); 
 { ClearCanvas; } 
{  Dispose(Ma);} 
  MovieOpen:=False; 
  TIndex:=SizeS1-1; 
  Edit1.Visible:=False; 
  application.processmessages; 
{  RestoreForm; } 
end; 
 







procedure TForm1.Help1Click(Sender: TObject); 
var 
  Message1 : word; 
begin 
  Message1:=MessageDlg('Edit the waveform header with a left 
click on each text block. '+ 
  'The right mouse button gives waveform edit options. The 
left mouse button '+ 
  'controls the nearest red cursor line. The center DONE 
button completes each '+ 
  'edit action. Click Analyze to compute unwarned or warned 
hazard. This creates an '+ 
  'Animate option to show graphs and a movie of the hazard. 
The movie has a MVI file '+ 
  'extension with an store and recall option by 
File|Movie.',mtInformation,[mbOK],0); 
  RestoreForm; 
end; 
 
procedure TForm1.CopyToClipboard1Click(Sender: TObject); 
var 
  bitmap : TBitmap; 
begin 
  bitmap:=TBitmap.Create; 
  bitmap.width:=clientwidth; 
  bitmap.height:=clientheight; 
  try 
    with bitmap.Canvas do 
      CopyRect(ClientRect,canvas,ClientRect); 
    clipboard.assign(bitmap); 
  finally 
    bitmap.free; 
  end; 
end; 
 
procedure TForm1.CopyWaveformToClipboard1Click(Sender: 
TObject); 
var 
  bitmap : TBitmap; 
  R1,R2 : TRect; 
begin 
  { rectangle around waveform on form } 
  with R1 do begin 
    Left:=0; Top:=clientheight div 2; 
    Right:=clientwidth; Bottom:=clientheight; 
  end; 
  { rectangle around waveform on bitmap} 
  with R2 do begin 
    Left:=0; Top:=0; 
    Right:=clientwidth; Bottom:=clientheight div 2; 
  end; 







  bitmap:=TBitmap.Create; 
  bitmap.width :=clientwidth; 
  bitmap.height:=clientheight div 2; 
  bitmap.Canvas.CopyRect(R2,form1.canvas,R1); 
  clipboard.assign(bitmap); 
  bitmap.free; 
end; 
 
procedure LabelOut(Xin,Yin,Kk:integer;St:string); 
begin 
  with Form1.Canvas do begin 
    MoveTo(Xin,Yin); 
    J:=TextWidth(St) div 2; 
    Jb:=TextHeight(St)div 2; 
    TextOut(Xin-J*(Kk mod 3), Yin-Jb*(Kk div 3), St); 
  end; 
end; 
 
procedure DrawHead; 
begin 
  Xc:=0.85*Xmin+0.15*Xmax; 
  Yc:=0.6*Ymin+0.4*Ymax; 
{  Sf:=PlotWidth/PlotHeight*(Ymax-Ymin)/(Xmax-Xmin); { 
aspect ratio } 
  Sf:=abs(Sx/Sy); { aspect ratio} 
  Rhead:=0.15; 
  with Form1.Canvas do begin 
    Pen.Color:=clGreen; 
    Font.Color:=clGreen; 
    Font.Name:='Arial';  {Arial Black,Arial Narrow, Wide 
Latin'Arial','Times Roman';} 
    Font.Size:=8; 
    Np:=20; 
    Xp:=0; Yp:=1.85*Rhead; 
    dSinCos(2*Pi/Np,Co,Si); 
{    Si:=Sin(2*Pi/Np); Co:=Cos(2*Pi/Np);} 
    Xx:=Xc+Xp;Yy:=Yc+Yp*Sf;Scale; MoveTo(Xin,Yin); 
    Kk:=4; 
    for K:=0 to Np-1 do begin 
      Str(K*18:0,St);                 { 0  1  2 } 
      J:=TextWidth(St) div 2;  { 3  4  5 } 
      Jb:=TextHeight(St)div 2;  { 6  7  8 } 
      TextOut(Xin-J*(Kk mod 3), Yin-Jb*(Kk div 3), St); 
      Xx1:=Co*Xp+Si*Yp; 
      Yp:=-Si*Xp+Co*Yp; 
      Xp:=Xx1; 
      Xx:=Xc+Xp;Yy:=Yc+Yp*Sf;Scale; MoveTo(Xin,Yin); 
    end; 
    Xx:=Xc; Yy:=Yc-2.5*Rhead*Sf; Scale; 
    Yin:=Yoffset+GraphHeight; 
    Kk:=7; 







    St:='CLICK ON AZIMUTH ANGLE ...'; 
    LabelOut(Xin,Yin,Kk,St); 
 
    Np:=32; 
    Xp:=0; Yp:=Rhead; 
    dSinCos(2*Pi/Np,Co,Si); 
{    Si:=Sin(2*Pi/Np); Co:=Cos(2*Pi/Np);} 
    Xx:=Xc+Xp;Yy:=Yc+Yp*Sf*1.3;Scale; MoveTo(Xin,Yin); 
    for K:=0 to Np do begin 
      Xx1:=Co*Xp+Si*Yp; 
      Yp:=-Si*Xp+Co*Yp; 
      Xp:=Xx1; 
      if K=0 then begin Xp1:=Xp; Yp1:=Yp end; 
      Xx:=Xc+Xp;Yy:=Yc+Yp*Sf*1.3;Scale; LineTo(Xin,Yin); 
    end; 
    Xx:=Xc+Xp1;Yy:=Yc+Yp1*Sf*1.3;Scale; MoveTo(Xin,Yin);  { 
nose } 
    Xx:=Xc;Yy:=Yc+Rhead*Sf*1.3*1.3;Scale; LineTo(Xin,Yin); 
    Xx:=Xc-Xp1;Yy:=Yc+Yp1*Sf*1.3;Scale; LineTo(Xin,Yin); 
    Xx:=Xc;Yy:=Yc+Rhead*Sf*0.1;Scale; MoveTo(Xin,Yin);    { 
plus at origin } 
    Xx:=Xc;Yy:=Yc-Rhead*Sf*0.1;Scale; LineTo(Xin,Yin); 
    Xx:=Xc+Rhead*0.1;Yy:=Yc;Scale; MoveTo(Xin,Yin); 
    Xx:=Xc-Rhead*0.1;Yy:=Yc;Scale; LineTo(Xin,Yin); 
    dSinCos(Pi*100/180,Co,Si); 
    Xc2:=Xc-Rhead*Si; Yc2:=Yc+Rhead*Co*Sf*1.3; 
    Xc3:=Xc+Rhead*Si; Yc3:=Yc+Rhead*Co*Sf*1.3; 
    Xp:=0.015*Sin(Pi*160/180); Yp:=0.015*Cos(Pi*160/180); { 
right canal-entrance } 
    Xx:=Xc3+Xp; Yy:=Yc3+Yp*Sf; Scale; MoveTo(Xin,Yin); 
    dSinCos(2*Pi/Np,Co,Si); 
    for K:=0 to Np-1 do begin 
      if K=0 then begin Xp1:=Xp; Yp1:=Yp end; 
      Xx1:=Co*Xp+Si*Yp; 
      Yp:=-Si*Xp+Co*Yp; 
      Xp:=Xx1; 
      Xx:=Xc3+Xp;Yy:=Yc3+Yp*Sf;Scale; LineTo(Xin,Yin); 
    end; 
    Xx:=Xc3-2*Xp;        Yy:=Yc3-2*Yp*Sf; Scale; 
MoveTo(Xin,Yin);   { right pinna} 
    Xx:=Xc3+5*Xp;        Yy:=Yc3+5*Yp*Sf; Scale; 
LineTo(Xin,Yin); 
    Xx:=Xc3+5*Xp+1.5*Yp; Yy:=Yc3+5*Yp*Sf+20*Xp*Sf; Scale; 
LineTo(Xin,Yin); 
 
    Xx:=Xc2-2*Xp;        Yy:=Yc2-2*Yp*Sf; Scale; 
MoveTo(Xin,Yin); { left pinna} 
    Xx:=Xc2-5*Xp;        Yy:=Yc2+5*Yp*Sf; Scale; 
LineTo(Xin,Yin); 
    Xx:=Xc2-5*Xp-1.5*Yp; Yy:=Yc2+5*Yp*Sf+20*Xp*Sf; Scale; 
LineTo(Xin,Yin); 







 
    HeadEnabled:=True; 
    repeat 
      repeat Application.ProcessMessages; until FormClicked; 
FormClicked:=False; 
    until Sqrt(Sqr(Xin-HeadX)+Sqr(HeadY-Yin))<150; 
    {get (HeadX, HeadY) pixels } 
    Xx:=Xc;Yy:=Yc;Scale; {center of head pixels (Xin,Yin)} 
    Kangle:=Round(10/Pi*(Pi+arctan2((Xin-HeadX),(HeadY-
Yin)))); 
    if Kangle=20 then Kangle:=0; 
 
    Font.Color:=Form1.Color; { erase to background } 
    Font.Name:='Arial';  {Arial Black,Arial Narrow, Wide 
Latin'Arial','Times Roman';} 
    Font.Size:=8; 
    Np:=20; 
    Xp:=0; Yp:=1.85*Rhead; 
    dSinCos(2*Pi/Np,Co,Si); 
    Xx:=Xc+Xp;Yy:=Yc+Yp*Sf;Scale; MoveTo(Xin,Yin); 
    Kk:=4; 
    for K:=0 to Np-1 do begin 
      Str(K*18:0,St);                 { 0  1  2 } 
      J:=TextWidth(St) div 2;  { 3  4  5 } 
      Jb:=TextHeight(St)div 2;  { 6  7  8 } 
      TextOut(Xin-J*(Kk mod 3), Yin-Jb*(Kk div 3), St); 
      Xx1:=Co*Xp+Si*Yp; 
      Yp:=-Si*Xp+Co*Yp; 
      Xp:=Xx1; 
      Xx:=Xc+Xp;Yy:=Yc+Yp*Sf;Scale; MoveTo(Xin,Yin); 
    end; 
    Xx:=Xc; Yy:=Yc-2.5*Rhead*Sf; Scale; 
    Yin:=Yoffset+GraphHeight; 
    Kk:=7; 
    St:='CLICK ON AZIMUTH ANGLE ...'; 
    LabelOut(Xin,Yin,Kk,St); 
 
    Font.Color:=clGreen; 
    St:='CLICK TO CONTINUE ...'; 
    LabelOut(Xin,Yin,Kk,St); 
 
    J:=Kangle; 
    dSinCos(J*Pi/10,Co,Si); 
    Xp:=1.6*Rhead*Si; Yp:=1.6*Rhead*Sf*Co;   { Arrow tip } 
 
{   box 
    Xx:=Xc+2*Rhead;Yy:=Yc+2*Rhead*Sf;Scale; MoveTo(Xin,Yin); 
    Xx:=Xc+2*Rhead;Yy:=Yc-2*Rhead*Sf;Scale; LineTo(Xin,Yin); 
    Xx:=Xc-2*Rhead;Yy:=Yc-2*Rhead*Sf;Scale; LineTo(Xin,Yin); 
    Xx:=Xc-2*Rhead;Yy:=Yc+2*Rhead*Sf;Scale; LineTo(Xin,Yin); 
    Xx:=Xc+2*Rhead;Yy:=Yc+2*Rhead*Sf;Scale; LineTo(Xin,Yin); 







} 
   { two wavefronts } 
    Xx:=Xc+1.6*Xp+Rhead*Co;Yy:=Yc+1.6*Yp-Rhead*Sf*Si;Scale; 
MoveTo(Xin,Yin); 
    Xx:=Xc+1.6*Xp-Rhead*Co;Yy:=Yc+1.6*Yp+Rhead*Sf*Si;Scale; 
LineTo(Xin,Yin); 
    Xx:=Xc+1.7*Xp+Rhead*Co;Yy:=Yc+1.7*Yp-Rhead*Sf*Si;Scale; 
MoveTo(Xin,Yin); 
    Xx:=Xc+1.7*Xp-Rhead*Co;Yy:=Yc+1.7*Yp+Rhead*Sf*Si;Scale; 
LineTo(Xin,Yin); 
    Xx:=Xc+1.5*Xp;Yy:=Yc+1.5*Yp;Scale; MoveTo(Xin,Yin); { 
Arrow body } 
    Xx:=Xc+Xp;Yy:=Yc+Yp;Scale; LineTo(Xin,Yin); 
    dSinCos(J*Pi/10+Pi/6,Co,Si); 
    Xx:=Xc+Xp+0.2*Rhead*Si;Yy:=Yc+Yp+0.2*Rhead*Sf*Co;Scale; 
LineTo(Xin,Yin); 
    dSinCos(J*Pi/10-Pi/6,Co,Si); 
    Xx:=Xc+Xp;Yy:=Yc+Yp;Scale; MoveTo(Xin,Yin); 
    Xx:=Xc+Xp+0.2*Rhead*Si;Yy:=Yc+Yp+0.2*Rhead*Sf*Co;Scale; 
LineTo(Xin,Yin); 
  end; 
end; 
 
procedure TForm1.MinimumPhase; 
{procedure MinimumPhase for Eardrum locatation under 
earplug;} 
 
var 
  Yl,Yr,Xt,Yt,F0 : single; 
  X,X0,Y,Sd,A1,A2,A3,Xh,Yh,Y1h : array[-3..80] of single; 
  Yffce,Yceed : array[0..80] of single; 
  SizeOrig,I,J,K,M,Nn,N1,N2,Nav,Navh,Flen,Xtempin,Ytempin   
: integer; 
  Fmax,Tpp,Ypeak,Ysum,Ydummy : single; 
  
HPDFile,Choice,Choice2,Choice3,Title1,Dummy,YpeakStr,Str0,S
tr1,Str2 : string; 
  Message1 : word; 
 
begin 
  ACWeightSetup; 
  New(Xr); New(Xi); New(X1r); New(X1i); 
  for K:=1 to XbufSize do begin 
    Xr^[K]:=0;  Xi^[K]:=0; 
    X1r^[K]:=0; X1i^[K]:=0; 
  end; 
  M:=Round(Log2(SizeS1+1)); 
  Nn:=Round(Exp(M*Ln(2))); 
 
{  Nn:=Nn*2;{ pad with extra set of zeros } 
  Nn:=Nn;{ don't pad with extra set of zeros } 







 
  N:=Nn div 2; 
  N1:=N+1; 
  N2:=N div 2; 
{  Dt:=Tpp*1e-6;} 
  F1:=1/(Nn*Dt); 
  Fmax:=N*F1; 
 
  Ln10:=Ln(10); 
  Ln10_10:=Ln(10)/10; 
  Ln10_20:=Ln(10)/20; Ln2:=Ln(2); 
 
{  GetDir(0,CurrentDirectory);} 
  OpenDialog1.Filter:='Real-ear Att (Hearing Protection 
Data)|*.HPD|All Files|*.*'; 
  Choice:=AhaahDirectory+'\Dat\Real Ear Attenuation at 
Threshold\';{'' or 'Dat';} 
  case ProtectorType of 
    1:Choice:=Choice+'EarMuff'; 
    2:Choice:=Choice+'EarPlug'; 
    3:Choice:=Choice+'EarMuff and Earplug'; 
  end; 
  OpenDialog1.Filter:='Hearing Protector Device|*.HPD|All 
Files|*.*'; 
  OpenDialog1.InitialDir:=Choice; 
  OpenDialog1.filename:=''; 
  if OpenDialog1.Execute then begin 
    HPDfile:=ExtractFileName(OpenDialog1.Filename); 
  { HPDfile:='EAR.HPD';} 
    AssignFile(InFText,HPDfile); 
    Reset(InFText); 
    Flen:=pos('.',HPDfile); 
    if Flen>0 then SetLength(HPDfile,Flen-1); 
    Choice3:=HPDfile; 
    case ProtectorType of 
      1:Choice2:='Earcanal entrance under earmuff: '; 
      2:Choice2:='Eardrum under earplug: '; 
      3:Choice2:='Eardrum under earmuff+earplug: '; 
    end; 
 
    ReadLn(InFText,Title1); 
    ReadLn(InFText,Dummy); 
    ReadLn(InFText,Dummy); 
    Nav:=1; 
    while not Eof(InFText) do begin 
      ReadLn(InFText,X[Nav],Y[Nav],Sd[Nav]); 
      X[Nav]:=1e3*X[Nav]; 
      Y1h[Nav]:=Y[Nav]; 
      Y[Nav]:=Y[Nav]+1*Sd[Nav]; { dB = mean - 1*Sd } 
      Inc(Nav) 
    end; 







    Navh:=Nav-1; 
    CloseFile(InFText); 
 
    Code:=2; 
  {  GetNumI('1,2 or 3?',1,3,Code);} 
    if (Code=1) or (Code=2) then begin 
      X[0]:= X[1]/2; Y[0]:= Y[1]/2; { down one octave } 
      X[-1]:=X[1]/8; Y[-1]:=Y[1]/8; { down three octaves } 
      X[-2]:=X[1]/32; Y[-2]:=Y[1]/32; { down five octaves } 
      X[-3]:=X[1]/128; Y[-3]:=Y[1]/128; { down seven octaves 
} 
      if Sqrt(2)*X[Nav-1]<Fmax then begin 
X[Nav]:=Sqrt(2)*X[Nav-1]; Y[Nav]:=Y[Nav-1]-10; Inc(Nav) end; 
      if Sqrt(2)*X[Nav-1]<Fmax then begin 
X[Nav]:=Sqrt(2)*X[Nav-1]; Y[Nav]:=Y[Nav-1]-10; Inc(Nav) end; 
      if 2*X[Nav-1]<Fmax then begin X[Nav]:=2*X[Nav-1]; 
Y[Nav]:=Y[Nav-1]-10; Inc(Nav) end; 
    end; 
 
    if Code=3 then begin 
      X[0]:= X[1]/2; Y[0]:= Y[1]; { down one octave } 
      X[-1]:=X[1]/8; Y[-1]:=Y[1]; { down three octaves } 
      X[-2]:=X[1]/32; Y[-2]:=Y[1]; { down five octaves } 
      X[-3]:=X[1]/128; Y[-3]:=Y[1]; { down seven octaves } 
    end; 
    X[Nav]:=Fmax;  Y[Nav]:=Y[Nav-1]-10; {-100, -15, -200, -
60, Y[Nav-1]} 
 
    for K:=-3 to Nav do begin 
      Xh[K]:=log10(X[K]); 
      Yh[K]:=Y[K]; 
      if K<1 then Y1h[K]:=Yh[K]; 
      if K>Navh then Y1h[K]:=Yh[K]; 
      X[K]:=Ln(X[K]); 
      Y[K]:=Y[K]*Ln10_20; { convert db to ln(mag) } 
    end; 
 
    if Code=3 then begin 
      Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[0], Y[0]);    
{ no loss at 0.01Hz } 
      Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[-1],Y[-1]); 
      Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[-2],Y[-2]); 
      Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[-3],Y[-3]); 
    end; 
 
    for K:=-2 to Nav-1 do begin 
      A1[K]:=Y[K-1]/((X[K-1]-X[K])*(X[K-1]-X[K+1])); 
      A2[K]:=Y[K]/((X[K]-X[K-1])*(X[K]-X[K+1])); 
      A3[K]:=Y[K+1]/((X[K+1]-X[K-1])*(X[K+1]-X[K])); 
    end; 
    for J:=2 to N do begin 







      Xx:=Ln((J-1)*F1); 
      K:=-3; repeat Inc(K) until Xx<X[K]; 
      if K=-2 then 
        Yt:=A1[K]*(Xx-X[K])*(Xx-X[K+1])+A2[K]*(Xx-X[K-
1])*(Xx-X[K+1])+ 
            A3[K]*(Xx-X[K-1])*(Xx-X[K]) 
      else if K=Nav then 
        Yt:=A1[K-1]*(Xx-X[K-1])*(Xx-X[K])+A2[K-1]*(Xx-X[K-
2])*(Xx-X[K])+ 
            A3[K-1]*(Xx-X[K-2])*(Xx-X[K-1]) 
      else begin 
       Yl:=A1[K-1]*(Xx-X[K-1])*(Xx-X[K])+A2[K-1]*(Xx-X[K-
2])*(Xx-X[K])+ 
           A3[K-1]*(Xx-X[K-2])*(Xx-X[K-1]); 
       Yr:=A1[K]*(Xx-X[K])*(Xx-X[K+1])+A2[K]*(Xx-X[K-
1])*(Xx-X[K+1])+ 
           A3[K]*(Xx-X[K-1])*(Xx-X[K]); 
       Yt:=Yl*(Xx-X[K])/(X[K-1]-X[K])+Yr*(Xx-X[K-1])/(X[K]-
X[K-1]); 
      end; 
      X1r^[J]:=Yt; 
    {  X1i^[J]:=0;} 
    end; 
{    X1r^[1]:=1*X1r^[2];{ DC loss same as next higher value 
} 
    X1r^[1]:=0;{ no loss at DC } 
    X1r^[N1]:=Y[Nav];{ loss at Nyquist } 
 
{==========================================================
===================} 
{    HPDfile:=ExtractFileName(OpenDialog1.Filename);} 
 
{    HPDfile:=OpenDialog1.InitialDir+'\F11_12d.dat';} 
    HPDfile:=AhaahDirectory+'\Dat\F11_12d.dat'; 
    AssignFile(InFText,HPDfile); 
    Reset(InFText); 
    Xmin:=Log10(F1); Xmax:=Log10(Fmax); 
    Ymax:=20; Ymin:=-50;  Ystep:=StepSize((Ymax-Ymin)/30);  
Ny:=5; 
    St:='TRANSFER FUNCTIONS'; 
    St1:='DB'; 
    Yoffset:=0; 
    PlotLogAxes; 
    DrawHead; 
 
    Str(Kangle*18:0,Choice); 
    Choice2:=Choice2+Choice3+', incident angle = '+Choice+' 
deg' ; 
    StringGrid1.Cells[2,3]:=Choice2; 
 
    for J:=0 to 76 do Read(InFText,X[J]); 







    for I:=0 to 20 do begin 
      if I=20 then for J:=0 to 76 do Read(InFText,Yceed[J]) 
      else if I=Kangle then for J:=0 to 76 do 
Read(InFText,Yffce[J]) 
      else for J:=0 to 76 do Read(InFText,Ydummy); 
    end; 
    CloseFile(InFText); 
 
    Nav:=77;  {15kHz} 
    Nav:=60; {8kHz} 
    for J:=1 to Nav-1 do begin 
      X[J]:=1e3*X[J];{ freq in Hz } 
      X0[J]:=X[J];   { save frequencys } 
      Y[J]:=Yffce[J]; { free-field to canal-entrance } 
    end; 
 
    if (Code=1) or (Code=2) then begin 
      X[0]:= X[1]/2; Y[0]:= Y[1]/2; { down one octave } 
      X[-1]:=X[1]/8; Y[-1]:=Y[1]/8; { down three octaves } 
      X[-2]:=X[1]/32; Y[-2]:=Y[1]/32; { down five octaves } 
      X[-3]:=X[1]/128; Y[-3]:=Y[1]/128; { down seven octaves 
} 
      if Sqrt(2)*X[Nav-1]<Fmax then begin 
X[Nav]:=Sqrt(2)*X[Nav-1]; Y[Nav]:=Y[Nav-1]-10; Inc(Nav) end; 
      if Sqrt(2)*X[Nav-1]<Fmax then begin 
X[Nav]:=Sqrt(2)*X[Nav-1]; Y[Nav]:=Y[Nav-1]-10; Inc(Nav) end; 
      if 2*X[Nav-1]<Fmax then begin X[Nav]:=2*X[Nav-1]; 
Y[Nav]:=Y[Nav-1]-10; Inc(Nav) end; 
    end; 
 
    if Code=3 then begin 
      X[0]:= X[1]/2; Y[0]:= Y[1]; { down one octave } 
      X[-1]:=X[1]/8; Y[-1]:=Y[1]; { down three octaves } 
      X[-2]:=X[1]/32; Y[-2]:=Y[1]; { down five octaves } 
      X[-3]:=X[1]/128; Y[-3]:=Y[1]; { down seven octaves } 
    end; 
    X[Nav]:=Fmax;  Y[Nav]:=Y[Nav-1]-10;  {-100 -15, -200,-
60, Y[Nav-1]} 
 
    Canvas.Pen.Color:=clBlue; 
    for K:=-3 to Nav do begin 
      PlotPoly(log10(X[K]),Y[K],3); 
      X[K]:=Ln(X[K]); 
      Y[K]:=Y[K]*Ln10_20; { convert db to ln(mag) } 
    end; 
 
    if Code=3 then begin 
      Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[0], Y[0]);    
{ no loss at 0.01Hz } 
      Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[-1],Y[-1]); 
      Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[-2],Y[-2]); 







      Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[-3],Y[-3]); 
    end; 
 
    for K:=-2 to Nav-1 do begin 
      A1[K]:=Y[K-1]/((X[K-1]-X[K])*(X[K-1]-X[K+1])); 
      A2[K]:=Y[K]/((X[K]-X[K-1])*(X[K]-X[K+1])); 
      A3[K]:=Y[K+1]/((X[K+1]-X[K-1])*(X[K+1]-X[K])); 
    end; 
    for J:=2 to N do begin 
      Xx:=Ln((J-1)*F1); 
      K:=-3; repeat Inc(K) until Xx<X[K]; 
      if K=-2 then 
        Yt:=A1[K]*(Xx-X[K])*(Xx-X[K+1])+A2[K]*(Xx-X[K-
1])*(Xx-X[K+1])+ 
            A3[K]*(Xx-X[K-1])*(Xx-X[K]) 
      else if K=Nav then 
        Yt:=A1[K-1]*(Xx-X[K-1])*(Xx-X[K])+A2[K-1]*(Xx-X[K-
2])*(Xx-X[K])+ 
            A3[K-1]*(Xx-X[K-2])*(Xx-X[K-1]) 
      else begin 
       Yl:=A1[K-1]*(Xx-X[K-1])*(Xx-X[K])+A2[K-1]*(Xx-X[K-
2])*(Xx-X[K])+ 
           A3[K-1]*(Xx-X[K-2])*(Xx-X[K-1]); 
       Yr:=A1[K]*(Xx-X[K])*(Xx-X[K+1])+A2[K]*(Xx-X[K-
1])*(Xx-X[K+1])+ 
           A3[K]*(Xx-X[K-1])*(Xx-X[K]); 
       Yt:=Yl*(Xx-X[K])/(X[K-1]-X[K])+Yr*(Xx-X[K-1])/(X[K]-
X[K-1]); 
      end; 
      Xr^[J]:=Yt;   { free-field to canal entrance } 
    end; 
    Xr^[1]:=0;{ no loss at DC } 
    Xr^[N1]:=Y[Nav];{ loss at Nyquist } 
 
    if (ProtectorType=2) or (ProtectorType=3) then begin 
      Nav:=77; 
      Nav:=60; 
      for J:=1 to Nav-1 do begin 
        X[J]:=X0[J]; 
        Y[J]:=Yceed[J] { canal-entrance to eardrum } 
      end; 
 
      if (Code=1) or (Code=2) then begin 
        X[0]:= X[1]/2; Y[0]:= Y[1]/2; { down one octave } 
        X[-1]:=X[1]/8; Y[-1]:=Y[1]/8; { down three octaves } 
        X[-2]:=X[1]/32; Y[-2]:=Y[1]/32; { down five octaves 
} 
        X[-3]:=X[1]/128; Y[-3]:=Y[1]/128; { down seven 
octaves } 
        if Sqrt(2)*X[Nav-1]<Fmax then begin 
X[Nav]:=Sqrt(2)*X[Nav-1]; Y[Nav]:=Y[Nav-1]; Inc(Nav) end; 







        if Sqrt(2)*X[Nav-1]<Fmax then begin 
X[Nav]:=Sqrt(2)*X[Nav-1]; Y[Nav]:=Y[Nav-1]; Inc(Nav) end; 
        if 2*X[Nav-1]<Fmax then begin X[Nav]:=2*X[Nav-1]; 
Y[Nav]:=Y[Nav-1]; Inc(Nav) end; 
      end; 
 
      if Code=3 then begin 
        X[0]:= X[1]/2; Y[0]:= Y[1]; { down one octave } 
        X[-1]:=X[1]/8; Y[-1]:=Y[1]; { down three octaves } 
        X[-2]:=X[1]/32; Y[-2]:=Y[1]; { down five octaves } 
        X[-3]:=X[1]/128; Y[-3]:=Y[1]; { down seven octaves } 
      end; 
      X[Nav]:=Fmax;  Y[Nav]:=Y[Nav-1];  {-100 -15,-200,-60, 
Y[Nav-1]} 
 
      Canvas.Pen.Color:=clRed; 
      for K:=-3 to Nav do begin 
        PlotPoly(log10(X[K]),Y[K],3); 
        X[K]:=Ln(X[K]); 
        Y[K]:=Y[K]*Ln10_20; { convert db to ln(mag) } 
      end; 
 
      if Code=3 then begin 
        Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[0], Y[0]);    
{ no loss at 0.01Hz } 
        Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[-1],Y[-
1]); 
        Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[-2],Y[-
2]); 
        Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[-3],Y[-
3]); 
      end; 
 
      for K:=-2 to Nav-1 do begin 
        A1[K]:=Y[K-1]/((X[K-1]-X[K])*(X[K-1]-X[K+1])); 
        A2[K]:=Y[K]/((X[K]-X[K-1])*(X[K]-X[K+1])); 
        A3[K]:=Y[K+1]/((X[K+1]-X[K-1])*(X[K+1]-X[K])); 
      end; 
      for J:=2 to N do begin 
        Xx:=Ln((J-1)*F1); 
        K:=-3; repeat Inc(K) until Xx<X[K]; 
        if K=-2 then 
          Yt:=A1[K]*(Xx-X[K])*(Xx-X[K+1])+A2[K]*(Xx-X[K-
1])*(Xx-X[K+1])+ 
              A3[K]*(Xx-X[K-1])*(Xx-X[K]) 
        else if K=Nav then 
          Yt:=A1[K-1]*(Xx-X[K-1])*(Xx-X[K])+A2[K-1]*(Xx-
X[K-2])*(Xx-X[K])+ 
              A3[K-1]*(Xx-X[K-2])*(Xx-X[K-1]) 
        else begin 







         Yl:=A1[K-1]*(Xx-X[K-1])*(Xx-X[K])+A2[K-1]*(Xx-X[K-
2])*(Xx-X[K])+ 
             A3[K-1]*(Xx-X[K-2])*(Xx-X[K-1]); 
         Yr:=A1[K]*(Xx-X[K])*(Xx-X[K+1])+A2[K]*(Xx-X[K-
1])*(Xx-X[K+1])+ 
             A3[K]*(Xx-X[K-1])*(Xx-X[K]); 
         Yt:=Yl*(Xx-X[K])/(X[K-1]-X[K])+Yr*(Xx-X[K-
1])/(X[K]-X[K-1]); 
        end; 
        Xi^[J]:=Yt; { canal entrance to eardrum } 
      end; 
      Xi^[1]:=0;{ no loss at DC } 
      Xi^[N1]:=Y[Nav];{ loss at Nyquist } 
    end; 
 
    with Canvas do begin 
      Pen.Mode:=pmcopy; 
      Pen.Color:=clGray; 
      Pen.Style:=psDot; 
      Xx:=log10(F1);       Yy:=0; Scale; MoveTo(Xin,Yin); 
      Xx:=log10(F1*(N-1)); Yy:=0; Scale; LineTo(Xin,Yin); 
 
      Pen.Style:=psSolid; 
      Pen.Color:=clGreen; 
      Font.Color:=clGreen; 
      Xx:=log10(F1); Yy:=X1r^[2]/Ln10_20; Scale; 
MoveTo(Xin,Yin); 
      for K:=3 to N do begin 
        Xx:=log10(F1*(K-1)); Yy:=X1r^[K]/Ln10_20; Scale; 
LineTo(Xin,Yin); 
      end; 
      for K:=-3 to Nav do begin 
        PlotPoly(Xh[K],Yh[K],3); 
        Xtempin:=Xin; Ytempin:=Yin; 
        PlotPoly(Xh[K],Y1h[K],16); 
        PlotPoly(Xh[K],2*Y1h[K]-Yh[K],3); 
        MoveTo(Xin,Yin); 
        LineTo(Xtempin,Ytempin); 
      end; 
 
      Xx:=0.8*Xmin+0.2*Xmax; 
      Yy:=0.05*Ymin+0.95*Ymax; 
      Scale; 
      Kk:=0; 
      St:='HP Insertion Loss'; 
      LabelOut(Xin,Yin,Kk,St); 
 
      Pen.Color:=clBlue; 
      Font.Color:=clBlue; 
      Xx:=log10(F1); Yy:=Xr^[2]/Ln10_20; Scale; 
MoveTo(Xin,Yin); 







      for K:=3 to N do begin 
        Xx:=log10(F1*(K-1)); Yy:=Xr^[K]/Ln10_20; Scale; 
LineTo(Xin,Yin); 
      end; 
      Xx:=0.8*Xmin+0.2*Xmax; 
      Yy:=0.1*Ymin+0.9*Ymax; 
      Scale; 
      Kk:=0; 
      St:='Transfer Funcion for Open Ear'; 
      LabelOut(Xin,Yin,Kk,St); 
 
      if (ProtectorType=2) or (ProtectorType=3) then begin 
        Pen.Color:=clRed; 
        Font.Color:=clRed; 
        Xx:=log10(F1); Yy:=Xi^[2]/Ln10_20; Scale; 
MoveTo(Xin,Yin); 
        for K:=3 to N do begin 
          Xx:=log10(F1*(K-1)); Yy:=Xi^[K]/Ln10_20; Scale; 
LineTo(Xin,Yin); 
        end; 
        Xx:=0.8*Xmin+0.2*Xmax; 
        Yy:=0.2*Ymin+0.8*Ymax; 
        Scale; 
        Kk:=0; 
        St:='Ear-canal'; 
        LabelOut(Xin,Yin,Kk,St); 
      end; 
      Pen.Color:=clFuchsia; 
      Font.Color:=clFuchsia; 
      Xx:=log10(F1); Yy:=(X1r^[2]+Xr^[2]+Xi^[2])/Ln10_20; 
Scale; MoveTo(Xin,Yin); 
      for K:=3 to N do begin 
        Xx:=log10(F1*(K-1)); 
Yy:=(X1r^[K]+Xr^[K]+Xi^[K])/Ln10_20; Scale; LineTo(Xin,Yin); 
      end; 
      Xx:=0.8*Xmin+0.2*Xmax; 
      Yy:=0.15*Ymin+0.85*Ymax; 
      Scale; 
      Kk:=0; 
      St:='HPD Noise Reduction'; 
      LabelOut(Xin,Yin,Kk,St); 
 
    end; 
 
    { FormClicked event handler: pause-click-continue} 
    repeat Application.ProcessMessages; until FormClicked; 
FormClicked:=False; 
 
    for K:=1 to N+1 do X1r^[K]:=X1r^[K]+Xr^[K]+Xi^[K]; { 
free-field through H.P.D. } 
 







    InverseFft(N,Dt,X1r,X1i); 
    X1r^[1]:=1*X1r^[1]; 
    X1i^[1]:=2*X1i^[1]; 
    for K:=2 to N2 do begin 
      X1r^[K]:=2*X1r^[K]; 
      X1i^[K]:=2*X1i^[K] 
    end; 
    X1r^[N2+1]:=1*X1r^[N2+1]; 
    X1i^[N2+1]:=0; 
    for K:=N2+2 to N1 do begin 
      X1r^[K]:=0; 
      X1i^[K]:=0 
    end; 
    ForwardFft(N,Dt,X1r,X1i); 
    for K:=1 to N1 do begin     { complex minimum-phase 
transfer-function } 
      Yt:=Exp(X1r^[K]); 
      Th:=X1i^[K]; 
      dSinCos(Th,Co,Si); 
      X1r^[K]:=Yt*Co; 
      X1i^[K]:=Yt*Si 
    end; 
    J:=0; 
    for I:=1 to N do begin      { load signal } 
      Xr^[I]:=Sig[J]; Inc(J); 
      Xi^[I]:=Sig[J]; Inc(J); 
    end; 
    for I:=N+1 to XbufSize do begin 
      Xr^[I]:=0; 
      Xi^[I]:=0; 
    end; 
    Ypeak:=-1e6; 
    for I:=1 to N do begin 
      if Xr^[I]>Ypeak then Ypeak:=Xr^[I]; 
      if Xi^[I]>Ypeak then Ypeak:=Xi^[I]; 
    end; 
    Ypeak:=20*Log10(Ypeak)+94; 
 
    ForwardFft(N,Dt,Xr,Xi); 
    F1:=1/(2*N*Dt); 
    RhoC:=415; { characteristic impedance of air @ 22 deg C 
and 751 mmHg } 
               { Beranek Acoustics p.11 } 
    New(Energy); New(Energy1); 
    Nsum:=0; 
    Emax:=0; 
    Energy^[1]:=0; 
    for K:=2 to N do begin                { signal spectrum 
} 
      Energy^[K]:=2*(Sqr(Xr^[K])+Sqr(Xi^[K])); 
      Nsum:=Nsum+Energy^[K]; 







      if Energy^[K]>Emax then Emax:=Energy^[K]; 
    end; 
    Energy^[K]:=Sqr(Xr^[N1])+Sqr(Xi^[N1]); 
    Nsum:=Nsum+Energy^[K]; 
 
    Asum:=0; Csum:=0; 
    for K:=2 to N do begin 
      ACWeight((K-1)*F1,ReA,ImA,ReC,ImC); 
      Xt:=Xr^[K]*ReA-Xi^[K]*ImA; 
      Yt:=Xi^[K]*ReA+Xr^[K]*ImA; 
      Asum:=Asum+2*(Sqr(Xt)+Sqr(Yt)); 
      Xt:=Xr^[K]*ReC-Xi^[K]*ImC; 
      Yt:=Xi^[K]*ReC+Xr^[K]*ImC; 
      Csum:=Csum+2*(Sqr(Xt)+Sqr(Yt)); 
    end; 
    ACWeight(N*F1,ReA,ImA,ReC,ImC); 
    Xt:=Xr^[N1]*ReA-Xi^[N1]*ImA; 
    Yt:=Xi^[N1]*ReA+Xr^[N1]*ImA; 
    Asum:=Asum+Sqr(Xt)+Sqr(Yt); 
    Xt:=Xr^[N1]*ReC-Xi^[N1]*ImC; 
    Yt:=Xi^[N1]*ReC+Xr^[N1]*ImC; 
    Csum:=Csum+Sqr(Xt)+Sqr(Yt); 
{    str(Nsum*F1/RhoC:8:3,Nstr); 
    str(Csum*F1/RhoC:8:3,Cstr); 
    str(Asum*F1/RhoC:8:3,Astr); 
    str(Ypeak:6:2,YpeakStr); 
    Str0:='Unweighted'+#009+'C-
wt'+#009+'Awt'+#009+'PPL'+#013+#010; 
    Str1:=Nstr+#009+Cstr+#009+Astr+#009+YpeakStr+#013+#010; 
    Nstr:=''; Cstr:=''; Astr:=''; 
} 
    Asum:=0;  Csum:=0; Nsum:=0; 
    for K:=1 to N+1 do begin                { eardrum spectrum 
} 
      Yt:=Xr^[K]*X1r^[K]-Xi^[K]*X1i^[K]; 
      Xi^[K]:=Xr^[K]*X1i^[K]+Xi^[K]*X1r^[K]; 
      Xr^[K]:=Yt; 
      Energy1^[K]:=2*(Sqr(Xr^[K])+Sqr(Xi^[k])); 
      if Energy1^[K]>Emax then Emax:=Energy1^[K];  { higher 
than free-field spectrum? } 
      Nsum:=Nsum+Energy1^[K]; 
      ACWeight((K-1)*F1,ReA,ImA,ReC,ImC); 
      Xt:=Xr^[K]*ReA-Xi^[K]*ImA; 
      Yt:=Xi^[K]*ReA+Xr^[K]*ImA; 
      Asum:=Asum+2*(Sqr(Xt)+Sqr(Yt)); 
      Xt:=Xr^[K]*ReC-Xi^[K]*ImC; 
      Yt:=Xi^[K]*ReC+Xr^[K]*ImC; 
      Csum:=Csum+2*(Sqr(Xt)+Sqr(Yt)); 
    end; 
    Energy1^[K]:=Sqr(Xr^[N1])+Sqr(Xi^[N1]); 
    Nsum:=Nsum+Energy1^[K]; 







    ACWeight(N*F1,ReA,ImA,ReC,ImC); 
    Xt:=Xr^[N1]*ReA-Xi^[N1]*ImA; 
    Yt:=Xi^[N1]*ReA+Xr^[N1]*ImA; 
    Asum:=Asum-(Sqr(Xt)+Sqr(Yt)); 
    Xt:=Xr^[N1]*ReC-Xi^[N1]*ImC; 
    Yt:=Xi^[N1]*ReC+Xr^[N1]*ImC; 
    Csum:=Csum-(Sqr(Xt)+Sqr(Yt)); 
{ 
    str(Nsum*F1/RhoC:8:3,Nstr); 
    str(Csum*F1/RhoC:8:3,Cstr); 
    str(Asum*F1/RhoC:8:3,Astr); 
} 
    InverseFft(N,Dt,Xr,Xi); { minimum-phase eardrum-pressure 
} 
 
    Ysum:=0; 
    for I:=1 to 5 do Ysum:=Ysum+Xr^[I]+Xi^[I]; 
    Ysum:=Ysum/10; 
    Ypeak:=-1e6; 
    for I:=1 to N do begin 
      Xr^[I]:=Xr^[I]-Ysum; 
      Xi^[I]:=Xi^[I]-Ysum; 
      if Xr^[I]>Ypeak then Ypeak:=Xr^[I]; 
      if Xi^[I]>Ypeak then Ypeak:=Xi^[I]; 
    end; 
    Ypeak:=20*Log10(Ypeak)+94; 
{ 
    str(Ypeak:6:2,YpeakStr); 
    Str2:=Nstr+#009+Cstr+#009+Astr+#009+YpeakStr; 
} 
    FormPaintEnabled:=True; 
  {  Message1:=MessageDlg('Outside: '+Str1+'Inside: 
'+Str2,mtInformation,[mbOK],0);} 
 
    J:=0; 
{    Nn:=Nn div 2;} 
 
    for I:=1 to N do begin 
      Sig[J]:=Xr^[I]; Inc(J); 
      Sig[J]:=Xi^[I]; Inc(J); 
    end; 
    Dispose(Xr); Dispose(Xi); Dispose(X1r); Dispose(X1i); 
    Xmin:=Log10(F1); Xmax:=Log10(Fmax); 
    Ymax:=10*Log10(Emax); Ymin:=Ymax-60;  
Ystep:=StepSize((Ymax-Ymin)/30);  Ny:=5; 
    St:='ENERGY FLUX IN FOURIER BANDS'; 
    St1:='0 DB REF: 1 JOULE/METER^2'; 
    Yoffset:=0; 
    PlotLogAxes; 
    Xx:=log10(F1); 
    Yy:=10*log10(Energy^[2]); 







    Scale; 
    with Canvas do begin 
      Pen.Mode:=pmcopy; 
      Pen.Color:=clBlue; 
      Font.Color:=clBlue; 
      MoveTo(Xin,Yin); 
      for K:=3 to N do begin 
        Xx:=log10(F1*(K-1)); Yy:=10*Log10(Energy^[K]); 
Scale; 
        LineTo(Xin,Yin); 
      end; 
      Xx:=0.9*Xmin+0.1*Xmax; 
      Yy:=0.8*Ymin+0.2*Ymax; 
      Scale; 
      Kk:=0; 
      St:='Free-field'; 
      LabelOut(Xin,Yin,Kk,St); 
    end; 
    Xx:=log10(F1); 
    Yy:=10*log10(Energy1^[2]); 
    Scale; 
    with Canvas do begin 
      Pen.Mode:=pmCopy; 
      Pen.Color:=clRed; 
      Font.Color:=clRed; 
      MoveTo(Xin,Yin); 
      for K:=3 to N do begin 
        Xx:=log10((K-1)*F1); Yy:=10*log10(Energy1^[K]); 
Scale; 
        LineTo(Xin,Yin); 
      end; 
      Xx:=0.9*Xmin+0.1*Xmax; 
      Yy:=0.85*Ymin+0.15*Ymax; 
      Scale; 
      Kk:=0; 
      St:='Under HPD'; 
      LabelOut(Xin,Yin,Kk,St); 
 
      Xmin:=0; Xmax:=SizeS1; 
      Ymax:=Y1max; Ymin:=Y1min; Sx:=S1x; Sy:=S1y; 
Yoffset:=Y1offset; 
      YlabelWidth:=Trunc(0.07*GraphWidth); {0.05,  0.04} 
      for I:=0 to SizeS1 do begin 
        Xx:=(Tb+I*Dt)*1e3; Yy:=Sig[I]*1e-3; scale; 
        if I=0 then MoveTo(Xin,Yin) else LineTo(Xin,Yin); 
      end; 
    end; 
    Dispose(Energy); Dispose(Energy1); 
  end; 
  if ProtectorType=1 then StringGrid1.Cells[1,3]:='2'; 







  if (ProtectorType=2) or (ProtectorType=3) then 
StringGrid1.Cells[1,3]:='3'; 
  ChDir(CurrentDirectory); 
  OpenDialog1.Filter:='Hearing Protector Device|*.HPD|All 
Files|*.*'; 
  OpenDialog1.InitialDir:=CurrentDirectory; 
  OpenDialog1.FileName:=OrigFile; 
  MainMenu1.items[0].Items[4].Enabled:=FALSE; 
 
  for K:=5 to 15 do begin 
    StringGrid1.Cells[1,K]:=' '; 
    StringGrid1.Cells[2,K]:=' '; 
  end; 
end; 
 
procedure TForm1.MinimumPhase2; 
{procedure MinimumPhase for Eardrum locatation under 
earplug;} 
 
var 
  Yl,Yr,Xt,Yt,F0 : single; 
  X,X0,Y,Sd,A1,A2,A3 : array[-3..80] of single; 
  Yffce,Yceed : array[0..80] of single; 
  SizeOrig,I,J,K,M,Nn,N1,N2,Nav,Flen   : integer; 
  Fmax,Tpp,Ypeak,Ysum,Ydummy,Leq : single; 
  
Choice,Choice2,Choice3,Title1,Dummy,YpeakStr,Str0,Str1,Str2
, 
    NaStr,HPDFile2 : string; 
  Message1 : word; 
 
begin 
  ACWeightSetup; 
  New(Xr); New(Xi); New(X1r); New(X1i); 
  for K:=1 to XbufSize do begin 
    Xr^[K]:=0;  Xi^[K]:=0; 
    X1r^[K]:=0; X1i^[K]:=0; 
  end; 
  M:=Round(Log2(SizeS1+1)); 
  Nn:=Round(Exp(M*Ln(2))); 
 
  Nn:=Nn;{ don't pad with extra set of zeros } 
 
  N:=Nn div 2; 
  N1:=N+1; 
  N2:=N div 2; 
{  Dt:=Tpp*1e-6;} 
  F1:=1/(Nn*Dt); 
  Fmax:=N*F1; 
 
{  ProtectorType:=3; Nsd:=1; Kangle:=5;} 







{  HPDfile:=AhaahDirectory+'\Dat\Real Ear Attenuation at 
Threshold\Earplug\TripleFlange.HPD';} 
{  HPDfile:=AhaahDirectory+'\Dat\Real Ear Attenuation at 
Threshold\Earplug\EAR.HPD';} 
  AssignFile(InFText,HPDFile); 
  Reset(InFText); 
  Choice3:='EAR Foam Earplug - 1 St. Dev.'; 
  ReadLn(InFText,Title1); 
  ReadLn(InFText,Dummy); 
  ReadLn(InFText,Dummy); 
  Nav:=1; 
  while not Eof(InFText) do begin 
    ReadLn(InFText,X[Nav],Y[Nav],Sd[Nav]); 
    X[Nav]:=1e3*X[Nav]; 
    Y[Nav]:=Y[Nav]+Nsd*Sd[Nav]; { dB = mean - 1*Sd } 
    Inc(Nav) 
  end; 
  CloseFile(InFText); 
 
  Code:=2; 
{  GetNumI('1,2 or 3?',1,3,Code);} 
  if (Code=1) or (Code=2) then begin 
    X[0]:= X[1]/2; Y[0]:= Y[1]/2; { down one octave } 
    X[-1]:=X[1]/8; Y[-1]:=Y[1]/8; { down three octaves } 
    X[-2]:=X[1]/32; Y[-2]:=Y[1]/32; { down five octaves } 
    X[-3]:=X[1]/128; Y[-3]:=Y[1]/128; { down seven octaves } 
    if Sqrt(2)*X[Nav-1]<Fmax then begin 
X[Nav]:=Sqrt(2)*X[Nav-1]; Y[Nav]:=Y[Nav-1]-10; Inc(Nav) end; 
    if Sqrt(2)*X[Nav-1]<Fmax then begin 
X[Nav]:=Sqrt(2)*X[Nav-1]; Y[Nav]:=Y[Nav-1]-10; Inc(Nav) end; 
    if 2*X[Nav-1]<Fmax then begin X[Nav]:=2*X[Nav-1]; 
Y[Nav]:=Y[Nav-1]-10; Inc(Nav) end; 
  end; 
 
  if Code=3 then begin 
    X[0]:= X[1]/2; Y[0]:= Y[1]; { down one octave } 
    X[-1]:=X[1]/8; Y[-1]:=Y[1]; { down three octaves } 
    X[-2]:=X[1]/32; Y[-2]:=Y[1]; { down five octaves } 
    X[-3]:=X[1]/128; Y[-3]:=Y[1]; { down seven octaves } 
  end; 
 
  X[Nav]:=Fmax;  Y[Nav]:=Y[Nav-1]-10; {-15, -200, -60, Y[Nav-
1]} 
  for K:=-3 to Nav do begin 
    X[K]:=Ln(X[K]); 
    Y[K]:=Y[K]*Ln10_20; { convert db to ln(mag) } 
  end; 
 
  if Code=3 then begin 
    Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[0], Y[0]);    { 
no loss at 0.01Hz } 







    Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[-1],Y[-1]); 
    Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[-2],Y[-2]); 
    Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[-3],Y[-3]); 
  end; 
 
  for K:=-2 to Nav-1 do begin 
    A1[K]:=Y[K-1]/((X[K-1]-X[K])*(X[K-1]-X[K+1])); 
    A2[K]:=Y[K]/((X[K]-X[K-1])*(X[K]-X[K+1])); 
    A3[K]:=Y[K+1]/((X[K+1]-X[K-1])*(X[K+1]-X[K])); 
  end; 
  for J:=2 to N do begin 
    Xx:=Ln((J-1)*F1); 
    K:=-3; repeat Inc(K) until Xx<X[K]; 
    if K=-2 then 
      Yt:=A1[K]*(Xx-X[K])*(Xx-X[K+1])+A2[K]*(Xx-X[K-
1])*(Xx-X[K+1])+ 
          A3[K]*(Xx-X[K-1])*(Xx-X[K]) 
    else if K=Nav then 
      Yt:=A1[K-1]*(Xx-X[K-1])*(Xx-X[K])+A2[K-1]*(Xx-X[K-
2])*(Xx-X[K])+ 
          A3[K-1]*(Xx-X[K-2])*(Xx-X[K-1]) 
    else begin 
     Yl:=A1[K-1]*(Xx-X[K-1])*(Xx-X[K])+A2[K-1]*(Xx-X[K-
2])*(Xx-X[K])+ 
         A3[K-1]*(Xx-X[K-2])*(Xx-X[K-1]); 
     Yr:=A1[K]*(Xx-X[K])*(Xx-X[K+1])+A2[K]*(Xx-X[K-1])*(Xx-
X[K+1])+ 
         A3[K]*(Xx-X[K-1])*(Xx-X[K]); 
     Yt:=Yl*(Xx-X[K])/(X[K-1]-X[K])+Yr*(Xx-X[K-1])/(X[K]-
X[K-1]); 
    end; 
    X1r^[J]:=Yt; 
  {  X1i^[J]:=0;} 
  end; 
{    X1r^[1]:=1*X1r^[2];{ DC loss same as next higher value 
} 
  X1r^[1]:=0;{ no loss at DC } 
  X1r^[N1]:=Y[Nav];{ loss at Nyquist } 
 
 
 
 
{==========================================================
===================} 
  HPDfile2:=AhaahDirectory+'\Dat\F11_12d.dat'; 
  AssignFile(InFText,HPDfile2); 
  Reset(InFText); 
 
{  Kangle:=5;} {4: 72deg, 5:90deg} 
  Str(Kangle*18:0,Choice); 
  Str(Nsd:2:2,Dummy); 







  Choice2:=Choice3+', incident angle = '+Choice+' deg' ; 
  StringGrid1.Cells[2,3]:=Choice2; 
  Write(OutFText,Choice+#9+Dummy+#9); 
 
 
  for J:=0 to 76 do Read(InFText,X[J]); 
  for I:=0 to 20 do begin 
    if I=20 then for J:=0 to 76 do Read(InFText,Yceed[J]) 
    else if I=Kangle then for J:=0 to 76 do 
Read(InFText,Yffce[J]) 
    else for J:=0 to 76 do Read(InFText,Ydummy); 
  end; 
  CloseFile(InFText); 
 
  Nav:=77; 
  Nav:=60; 
  for J:=1 to Nav-1 do begin 
    X[J]:=1e3*X[J];{ freq in Hz } 
    X0[J]:=X[J];   { save frequencys } 
    Y[J]:=Yffce[J] { free-field to canal-entrance } 
  end; 
 
  if (Code=1) or (Code=2) then begin 
    X[0]:= X[1]/2; Y[0]:= Y[1]/2; { down one octave } 
    X[-1]:=X[1]/8; Y[-1]:=Y[1]/8; { down three octaves } 
    X[-2]:=X[1]/32; Y[-2]:=Y[1]/32; { down five octaves } 
    X[-3]:=X[1]/128; Y[-3]:=Y[1]/128; { down seven octaves } 
    if Sqrt(2)*X[Nav-1]<Fmax then begin 
X[Nav]:=Sqrt(2)*X[Nav-1]; Y[Nav]:=Y[Nav-1]-10; Inc(Nav) end; 
    if Sqrt(2)*X[Nav-1]<Fmax then begin 
X[Nav]:=Sqrt(2)*X[Nav-1]; Y[Nav]:=Y[Nav-1]-10; Inc(Nav) end; 
    if 2*X[Nav-1]<Fmax then begin X[Nav]:=2*X[Nav-1]; 
Y[Nav]:=Y[Nav-1]-10; Inc(Nav) end; 
  end; 
 
  if Code=3 then begin 
    X[0]:= X[1]/2; Y[0]:= Y[1]; { down one octave } 
    X[-1]:=X[1]/8; Y[-1]:=Y[1]; { down three octaves } 
    X[-2]:=X[1]/32; Y[-2]:=Y[1]; { down five octaves } 
    X[-3]:=X[1]/128; Y[-3]:=Y[1]; { down seven octaves } 
  end; 
 
  X[Nav]:=Fmax;  Y[Nav]:=Y[Nav-1]-10;  {-15, -200,-60, Y[Nav-
1]} 
  for K:=-3 to Nav do begin 
    X[K]:=Ln(X[K]); 
    Y[K]:=Y[K]*Ln10_20; { convert db to ln(mag) } 
  end; 
 
  if Code=3 then begin 







    Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[0], Y[0]);    { 
no loss at 0.01Hz } 
    Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[-1],Y[-1]); 
    Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[-2],Y[-2]); 
    Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[-3],Y[-3]); 
  end; 
 
  for K:=-2 to Nav-1 do begin 
    A1[K]:=Y[K-1]/((X[K-1]-X[K])*(X[K-1]-X[K+1])); 
    A2[K]:=Y[K]/((X[K]-X[K-1])*(X[K]-X[K+1])); 
    A3[K]:=Y[K+1]/((X[K+1]-X[K-1])*(X[K+1]-X[K])); 
  end; 
  for J:=2 to N do begin 
    Xx:=Ln((J-1)*F1); 
    K:=-3; repeat Inc(K) until Xx<X[K]; 
    if K=-2 then 
      Yt:=A1[K]*(Xx-X[K])*(Xx-X[K+1])+A2[K]*(Xx-X[K-
1])*(Xx-X[K+1])+ 
          A3[K]*(Xx-X[K-1])*(Xx-X[K]) 
    else if K=Nav then 
      Yt:=A1[K-1]*(Xx-X[K-1])*(Xx-X[K])+A2[K-1]*(Xx-X[K-
2])*(Xx-X[K])+ 
          A3[K-1]*(Xx-X[K-2])*(Xx-X[K-1]) 
    else begin 
     Yl:=A1[K-1]*(Xx-X[K-1])*(Xx-X[K])+A2[K-1]*(Xx-X[K-
2])*(Xx-X[K])+ 
         A3[K-1]*(Xx-X[K-2])*(Xx-X[K-1]); 
     Yr:=A1[K]*(Xx-X[K])*(Xx-X[K+1])+A2[K]*(Xx-X[K-1])*(Xx-
X[K+1])+ 
         A3[K]*(Xx-X[K-1])*(Xx-X[K]); 
     Yt:=Yl*(Xx-X[K])/(X[K-1]-X[K])+Yr*(Xx-X[K-1])/(X[K]-
X[K-1]); 
    end; 
    Xr^[J]:=Yt;   { free-field to canal entrance } 
  end; 
  Xr^[1]:=0;{ no loss at DC } 
  Xr^[N1]:=Y[Nav];{ loss at Nyquist } 
 
  if (ProtectorType=2) or (ProtectorType=3) then begin 
    Nav:=77; 
    Nav:=60; 
    for J:=1 to Nav-1 do begin 
      X[J]:=X0[J]; 
      Y[J]:=Yceed[J] { canal-entrance to eardrum } 
    end; 
 
    if (Code=1) or (Code=2) then begin 
      X[0]:= X[1]/2; Y[0]:= Y[1]/2; { down one octave } 
      X[-1]:=X[1]/8; Y[-1]:=Y[1]/8; { down three octaves } 
      X[-2]:=X[1]/32; Y[-2]:=Y[1]/32; { down five octaves } 







      X[-3]:=X[1]/128; Y[-3]:=Y[1]/128; { down seven octaves 
} 
      if Sqrt(2)*X[Nav-1]<Fmax then begin 
X[Nav]:=Sqrt(2)*X[Nav-1]; Y[Nav]:=Y[Nav-1]; Inc(Nav) end; 
      if Sqrt(2)*X[Nav-1]<Fmax then begin 
X[Nav]:=Sqrt(2)*X[Nav-1]; Y[Nav]:=Y[Nav-1]; Inc(Nav) end; 
      if 2*X[Nav-1]<Fmax then begin X[Nav]:=2*X[Nav-1]; 
Y[Nav]:=Y[Nav-1]; Inc(Nav) end; 
 
    end; 
 
    if Code=3 then begin 
      X[0]:= X[1]/2; Y[0]:= Y[1]; { down one octave } 
      X[-1]:=X[1]/8; Y[-1]:=Y[1]; { down three octaves } 
      X[-2]:=X[1]/32; Y[-2]:=Y[1]; { down five octaves } 
      X[-3]:=X[1]/128; Y[-3]:=Y[1]; { down seven octaves } 
    end; 
 
 
    X[Nav]:=Fmax;  Y[Nav]:=Y[Nav-1];  {-15,-200,-60, Y[Nav-
1]} 
    for K:=-3 to Nav do begin 
      X[K]:=Ln(X[K]); 
      Y[K]:=Y[K]*Ln10_20; { convert db to ln(mag) } 
    end; 
 
    if Code=3 then begin 
      Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[0], Y[0]);    
{ no loss at 0.01Hz } 
      Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[-1],Y[-1]); 
      Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[-2],Y[-2]); 
      Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[-3],Y[-3]); 
    end; 
 
    for K:=-2 to Nav-1 do begin 
      A1[K]:=Y[K-1]/((X[K-1]-X[K])*(X[K-1]-X[K+1])); 
      A2[K]:=Y[K]/((X[K]-X[K-1])*(X[K]-X[K+1])); 
      A3[K]:=Y[K+1]/((X[K+1]-X[K-1])*(X[K+1]-X[K])); 
    end; 
    for J:=2 to N do begin 
      Xx:=Ln((J-1)*F1); 
      K:=-3; repeat Inc(K) until Xx<X[K]; 
      if K=-2 then 
        Yt:=A1[K]*(Xx-X[K])*(Xx-X[K+1])+A2[K]*(Xx-X[K-
1])*(Xx-X[K+1])+ 
            A3[K]*(Xx-X[K-1])*(Xx-X[K]) 
      else if K=Nav then 
        Yt:=A1[K-1]*(Xx-X[K-1])*(Xx-X[K])+A2[K-1]*(Xx-X[K-
2])*(Xx-X[K])+ 
            A3[K-1]*(Xx-X[K-2])*(Xx-X[K-1]) 
      else begin 







       Yl:=A1[K-1]*(Xx-X[K-1])*(Xx-X[K])+A2[K-1]*(Xx-X[K-
2])*(Xx-X[K])+ 
           A3[K-1]*(Xx-X[K-2])*(Xx-X[K-1]); 
       Yr:=A1[K]*(Xx-X[K])*(Xx-X[K+1])+A2[K]*(Xx-X[K-
1])*(Xx-X[K+1])+ 
           A3[K]*(Xx-X[K-1])*(Xx-X[K]); 
       Yt:=Yl*(Xx-X[K])/(X[K-1]-X[K])+Yr*(Xx-X[K-1])/(X[K]-
X[K-1]); 
      end; 
      Xi^[J]:=Yt; { canal entrance to eardrum } 
    end; 
    Xi^[1]:=0;{ no loss at DC } 
    Xi^[N1]:=Y[Nav];{ loss at Nyquist } 
  end; 
 
  for K:=1 to N+1 do X1r^[K]:=X1r^[K]+Xr^[K]+Xi^[K]; { free-
field through H.P.D. } 
  InverseFft(N,Dt,X1r,X1i); 
  X1r^[1]:=1*X1r^[1]; 
  X1i^[1]:=2*X1i^[1]; 
  for K:=2 to N2 do begin 
    X1r^[K]:=2*X1r^[K]; 
    X1i^[K]:=2*X1i^[K] 
  end; 
  X1r^[N2+1]:=1*X1r^[N2+1]; 
  X1i^[N2+1]:=0; 
  for K:=N2+2 to N1 do begin 
    X1r^[K]:=0; 
    X1i^[K]:=0 
  end; 
  ForwardFft(N,Dt,X1r,X1i); 
  for K:=1 to N1 do begin     { complex minimum-phase transfer-
function } 
    Yt:=Exp(X1r^[K]); 
    Th:=X1i^[K]; 
    dSinCos(Th,Co,Si); 
    X1r^[K]:=Yt*Co; 
    X1i^[K]:=Yt*Si 
  end; 
  J:=0; 
  for I:=1 to N do begin      { load signal } 
    Xr^[I]:=Sig[J]; Inc(J); 
    Xi^[I]:=Sig[J]; Inc(J); 
  end; 
 
  Ypeak:=-1e6; 
  for I:=1 to N do begin 
    if Xr^[I]>Ypeak then Ypeak:=Xr^[I]; 
    if Xi^[I]>Ypeak then Ypeak:=Xi^[I]; 
  end; 
  Ypeak:=20*Log10(Ypeak)+94; 







 
  ForwardFft(N,Dt,Xr,Xi); 
  F1:=1/(2*N*Dt); 
  RhoC:=415; { characteristic impedance of air @ 22 deg C and 
751 mmHg } 
             { Beranek Acoustics p.11 } 
  New(Energy); New(Energy1); 
  Nsum:=0; 
  Emax:=0; 
  Energy^[1]:=0; 
  for K:=2 to N do begin                { signal spectrum } 
    Energy^[K]:=2*(Sqr(Xr^[K])+Sqr(Xi^[K])); 
    Nsum:=Nsum+Energy^[K]; 
    if Energy^[K]>Emax then Emax:=Energy^[K]; 
  end; 
  Energy^[K]:=Sqr(Xr^[N1])+Sqr(Xi^[N1]); 
  Nsum:=Nsum+Energy^[K]; 
 
  Asum:=0; Csum:=0; 
  for K:=2 to N do begin 
    ACWeight((K-1)*F1,ReA,ImA,ReC,ImC); 
    Xt:=Xr^[K]*ReA-Xi^[K]*ImA; 
    Yt:=Xi^[K]*ReA+Xr^[K]*ImA; 
    Asum:=Asum+2*(Sqr(Xt)+Sqr(Yt)); 
    Xt:=Xr^[K]*ReC-Xi^[K]*ImC; 
    Yt:=Xi^[K]*ReC+Xr^[K]*ImC; 
    Csum:=Csum+2*(Sqr(Xt)+Sqr(Yt)); 
  end; 
  ACWeight(N*F1,ReA,ImA,ReC,ImC); 
  Xt:=Xr^[N1]*ReA-Xi^[N1]*ImA; 
  Yt:=Xi^[N1]*ReA+Xr^[N1]*ImA; 
  Asum:=Asum+Sqr(Xt)+Sqr(Yt); 
  Xt:=Xr^[N1]*ReC-Xi^[N1]*ImC; 
  Yt:=Xi^[N1]*ReC+Xr^[N1]*ImC; 
  Csum:=Csum+Sqr(Xt)+Sqr(Yt); 
  str(Nsum*F1/RhoC:8:3,Nstr); 
  str(Csum*F1/RhoC:8:3,Cstr); 
  str(Asum*F1/RhoC:8:3,Astr); 
  str(Ypeak:6:2,YpeakStr); 
{  Str0:='Unweighted'+#009+'C-
wt'+#009+'Awt'+#009+'PPL'+#013+#010;} 
  Str1:=Nstr+#9+Cstr+#9+Astr+#9+YpeakStr+#9; 
  Write(OutFText,Str1); 
 
  Asum:=0;  Csum:=0; Nsum:=0; 
  for K:=1 to N+1 do begin                { eardrum spectrum 
} 
    Yt:=Xr^[K]*X1r^[K]-Xi^[K]*X1i^[K]; 
    Xi^[K]:=Xr^[K]*X1i^[K]+Xi^[K]*X1r^[K]; 
    Xr^[K]:=Yt; 
    Energy1^[K]:=2*(Sqr(Xr^[K])+Sqr(Xi^[k])); 







    if Energy1^[K]>Emax then Emax:=Energy1^[K];  { higher 
than free-field spectrum? } 
    Nsum:=Nsum+Energy1^[K]; 
    ACWeight((K-1)*F1,ReA,ImA,ReC,ImC); 
    Xt:=Xr^[K]*ReA-Xi^[K]*ImA; 
    Yt:=Xi^[K]*ReA+Xr^[K]*ImA; 
    Asum:=Asum+2*(Sqr(Xt)+Sqr(Yt)); 
    Xt:=Xr^[K]*ReC-Xi^[K]*ImC; 
    Yt:=Xi^[K]*ReC+Xr^[K]*ImC; 
    Csum:=Csum+2*(Sqr(Xt)+Sqr(Yt)); 
  end; 
  Energy1^[K]:=Sqr(Xr^[N1])+Sqr(Xi^[N1]); 
  Nsum:=Nsum+Energy1^[K]; 
  ACWeight(N*F1,ReA,ImA,ReC,ImC); 
  Xt:=Xr^[N1]*ReA-Xi^[N1]*ImA; 
  Yt:=Xi^[N1]*ReA+Xr^[N1]*ImA; 
  Asum:=Asum-(Sqr(Xt)+Sqr(Yt)); 
  Xt:=Xr^[N1]*ReC-Xi^[N1]*ImC; 
  Yt:=Xi^[N1]*ReC+Xr^[N1]*ImC; 
  Csum:=Csum-(Sqr(Xt)+Sqr(Yt)); 
  str(Nsum*F1/RhoC:7:3,Nstr); 
  str(Csum*F1/RhoC:6:3,Cstr); 
  str(Asum*F1/RhoC:6:3,Astr); 
  Leq:=10*Log10(Asum*F1/28800)+94; 
  Na:=Exp(((85-Leq)/3)*Ln(2)); 
  str(Na:1:1,NaStr); 
  InverseFft(N,Dt,Xr,Xi); { minimum-phase eardrum-pressure } 
  Ysum:=0; 
  for I:=1 to 5 do Ysum:=Ysum+Xr^[I]+Xi^[I]; 
  Ysum:=Ysum/10; 
  Ypeak:=-1e6; 
  for I:=1 to N do begin 
    Xr^[I]:=Xr^[I]-Ysum; 
    Xi^[I]:=Xi^[I]-Ysum; 
    if Xr^[I]>Ypeak then Ypeak:=Xr^[I]; 
    if Xi^[I]>Ypeak then Ypeak:=Xi^[I]; 
  end; 
  Ypeak:=20*Log10(Ypeak)+94; 
  str(Ypeak:6:2,YpeakStr); 
  Str2:=Nstr+#9+Cstr+#9+Astr+#9+YpeakStr+#9+NaStr+#9; 
  Write(OutFText,Str2); 
{  FormPaintEnabled:=True;} 
{  Message1:=MessageDlg('Outside: '+Str1+'Inside: 
'+Str2,mtInformation,[mbOK],0);} 
 
  J:=0; 
  for I:=1 to N do begin 
    Sig[J]:=Xr^[I]; Inc(J); 
    Sig[J]:=Xi^[I]; Inc(J); 
  end; 
  Dispose(Xr); Dispose(Xi); Dispose(X1r); Dispose(X1i); 







  if ProtectorType=1 then StringGrid1.Cells[1,3]:='2'; 
  if (ProtectorType=2) or (ProtectorType=3) then 
StringGrid1.Cells[1,3]:='3'; 
  for K:=5 to 15 do begin 
    StringGrid1.Cells[1,K]:=' '; 
    StringGrid1.Cells[2,K]:=' '; 
  end; 
end; 
 
procedure TForm1.SaveForm; 
var 
  Attributes,Done,CopyWidth,CopyHeight,X1,Y1 : integer; 
begin 
  CopyBitMap:=TBitmap.Create; 
{ 
  CopyWidth:=Form1.ClientWidth div 2; 
  CopyHeight:=Form1.ClientHeight div 2; 
  X1:=Form1.ClientWidth div 4; 
  Y1:=Form1.ClientHeight div 4; 
} 
  CopyWidth:=Form1.ClientWidth; 
  CopyHeight:=Form1.ClientHeight; 
  X1:=0; 
  Y1:=0; 
  CopyBitMap.Width:=CopyWidth; 
  CopyBitMap.Height:=CopyHeight; 
  DestRect:=Rect(0,0,CopyWidth,CopyHeight); 
  {Copy the portion of the main form surrounded by the 
bounding rectangle to the bitmap } 
  SrcRect:=Rect(X1,Y1,X1+CopyWidth,Y1+CopyHeight); 
  
CopyBitMap.Canvas.CopyRect(DestRect,Form1.Canvas,SrcRect); 
end; 
 
 
procedure TForm1.RestoreForm; 
begin 
  
Form1.Canvas.CopyRect(SrcRect,CopyBitMap.Canvas,DestRect); 
  application.processmessages; 
end; 
 
procedure TForm1.ReleaseForm; 
begin 
  CopyBitMap.Free; 
end; 
 
procedure TForm1.OverlayAHAWaveform1Click(Sender: TObject); 
var 
  Attributes,Done : integer; 
  I,CBNband,Im,Ip : integer; 







  Tmax,Fo,Fm,Fp,Am,Ap,Ee,Em,Ep,Po,Tavg: single; 
  Path : string; 
  SearchRec: TSearchRec; 
  TOBPlot : boolean; 
begin 
  TOBPlot:=False; 
  StringGrid1.Visible:=false; 
  if PlotNew then begin 
    SaveForm; 
    PlotNew:=False; 
  end; 
(* 
  CopyBitMap.Height:=Form1.ClientHeight div 2; 
  DestRect:=Rect(0,0,CopyBitMap.Width,CopyBitMap.Height); 
  SrcRect:=Rect(0,Form1.ClientHeight div 2, 
                Form1.ClientWidth,Form1.ClientHeight); 
  
CopyBitMap.Canvas.CopyRect(DestRect,Form1.Canvas,SrcRect); 
  PlotNew:=False; 
 
*) 
 
  for J:=0 to SizeS1 do Sig[J]:=ISig[J]; { get input wave } 
  SizeS1New:=SizeS1; 
  Jb:=0; 
  Je:=SizeS1; 
  Nn:=SizeS1+1; 
  N:=Nn div 2; 
  SizeS1New:=SizeS1; 
  Jb:=0; 
  Je:=SizeS1; 
  Nn:=SizeS1+1; 
  N:=Nn div 2; 
 
{    N1:=N+1;} 
  F1:=1/(Nn*Dt); 
  New(Xr);    New(Xi); New(Energy); 
  for I:=1 to N+1 do begin 
    Xr^[I]:=0; 
    Xi^[I]:=0; 
    Energy^[I]:=0; 
  end; 
  for J:=Jb to Je do begin 
    I:=1 + (J-Jb) div 2; 
    if not odd(J-Jb) then 
      Xr^[I]:=Sig[J] 
    else 
      Xi^[I]:=Sig[J]; 
  end; 
  ForwardFft(N,Dt,Xr,Xi); 
  Ymax:=-1e6; 







  RhoC:=407; 
  Po:=20e-6; 
  Tavg:=300e-3; 
  E0:=Po*Po*Tavg/RhoC; 
  F1:=1/(Nn*Dt); 
  Fmax:=0.5/Dt; 
  for I:=1 to N+1 do begin 
    Tmax:=2*F1*(Sqr(Xr^[I])+Sqr(Xi^[I]))/RhoC/E0; 
    Energy^[I]:=Tmax; 
    if Tmax>Ymax then Ymax:=Tmax; 
  end; 
  Energy^[1]:=0.5*Energy^[1]; 
  Energy^[N+1]:=0.5*Energy^[N+1]; 
  Nstart:=Trunc(10*Log10(F1)); 
  Nstart:=Nstart-5*0; 
  Nstop:=Nstart; 
  Ln10_10:=Ln(10)/10; 
  while Exp(Nstop*Ln10_10)<Fmax do Inc(Nstop); 
  Dec(Nstop); 
  Dec(Nstop); 
  for Nband:=Nstart to Nstop do begin 
    Fo:=exp(Nband*Ln10_10); 
    Fm:=exp((Nband-0.5)*Ln10_10); 
    Fp:=exp((Nband+0.5)*Ln10_10);{1/10 decade} 
    Im:=Trunc(Fm/F1)+1; 
    Ip:=Trunc(Fp/F1)+1; 
    if (Im*F1>=Fmax) or (Ip*F1>=Fmax) then 
      halt; 
    Am:=Energy^[Im]+(Fm/F1-Im+1)*(Energy^[Im+1]-
Energy^[Im]); 
    Ap:=Energy^[Ip]+(Fp/F1-Ip+1)*(Energy^[Ip+1]-
Energy^[Ip]); 
    if Ip=Im then 
      Ee:=0.5*(Am+Ap)*(Fp-Fm) 
    else if Ip=Im+1 then begin 
      Em:=0.5*(Am+Energy^[Im+1])*(Im*F1-Fm); 
      Ep:=0.5*(Ap+Energy^[Ip])*(Fp-(Ip-1)*F1); 
      Ee:=Em+Ep 
    end 
    else begin 
      Em:=0.5*(Am+Energy^[Im+1])*(Im*F1-Fm); 
      Ep:=0.5*(Ap+Energy^[Ip])*(Fp-(Ip-1)*F1); 
      Ee:=Em+Ep; 
      for I:=Im+1 to Ip-1 do 
        Ee:=Ee+0.5*(Energy^[I]+Energy^[I+1])*F1 
    end; 
    E3[Nband]:=Ee/F1; 
    if E3[Nband]>Ymax then Ymax:=E3[Nband]; 
  end; 
  Ymax1:=10*Log10(Ymax)+0; { Max TOB in FF wave } 
 







  if MovieOpen then CancelMovieClick(Sender); 
  Memo3.Visible:=False; 
  OpenDialog1.Filter:='Prepared waveforms|*.AHA|All 
Files|*.*'; 
  Timer1.Enabled:=True; 
{  OpenDialog1.Execute; } 
  if OpenDialog1.Execute then begin 
    DialogOpened:=True; 
    PopupMenu1.AutoPopUp:=False;  { don't allow popup until 
new wave loaded  } 
    
FE:=ANSIUpperCase(ExtractFileExt(OpenDialog1.Filename)); 
    FileName:=ExtractFileName(OpenDialog1.Filename); 
    Attributes:=FileGetAttr(FileName); 
    Attributes:=Attributes and not (faReadOnly or faHidden); 
    Done:=FileSetAttr(FileName,Attributes); 
    Application.processmessages; 
    OpenNewFileType6; { Type 3, new Tb,Te,Dt plotted on old 
Tb1,Te1 } 
    if (Tb<=Tb1) and (Tb1<=Te) then begin 
      Tb:=Tb1; 
      if Te1<=Te then Te:=Te1; 
    end 
    else 
      Te:=Tb; 
    Jb:=Round(Tb/Dt); Je:=Round(Te/Dt); 
    for J:=Jb to Je do Sig[J-Jb]:=Sig[J]; 
    SizeS1:=Je-Jb; 
    MainMenu1.Items[1].Enabled:=True; 
    MainMenu1.Items[0].Items[4].Enabled:=False; { Save AHA } 
    MainMenu1.Items[0].Items[5].Enabled:=False; { Save AHA 
AS} 
    OpenDialog1.InitialDir:=''; 
  end; 
(* 
 
  Form1.Panel1.Visible:=True; 
  Ready:=False; 
  repeat 
    Application.ProcessMessages; 
  until Ready; {Set in Button 14 click} 
*) 
  if RadioButton1.Checked then Jj:=0 
  else if RadioButton2.Checked then Jj:=1 
  else if RadioButton3.Checked then Jj:=2 
  else Jj:=3; 
  if RadioButton5.Checked then Jjj:=0 
  else if RadioButton6.Checked then Jjj:=1 
  else Jjj:=2; 
  if RadioButton8.Checked then Jjjj:=0 
  else Jjjj:=1; 







  if DialogOpened then begin 
    DialogOpened:=False; 
    
Form1.Canvas.CopyRect(SrcRect,CopyBitMap.Canvas,DestRect); 
    if OverlayColor=1 then Canvas.pen.width:=3 else 
Canvas.Pen.width:=1; 
    PressureTimePlot; 
    Canvas.Pen.Width:=1; 
  end; 
  CopyBitMap.Free; 
  Fname2:=FileName; 
  Flen:=pos('.',FName2); 
  if Flen>0 then SetLength(FName2,Flen-1); 
  FName2:=concat(FName,'_to_',FName2); 
 
{============} 
{  if (SizeS1<=SbufSize) and Not ImportOpen then begin} 
{  for J:=0 to SizeS1 do Sig1[J]:=Sig[J];  save output wave 
} 
  SizeS1New:=SizeS1; 
  Jb:=0; 
  Je:=SizeS1; 
  Nn:=SizeS1+1; 
  N:=Nn div 2; 
 
{    N1:=N+1;} 
  F1:=1/(Nn*Dt); 
//  New(Xr);    New(Xi); New(Energy); 
  for I:=1 to N+1 do begin 
    Xr^[I]:=0; 
    Xi^[I]:=0; 
    Energy^[I]:=0; 
  end; 
  for J:=Jb to Je do begin 
    I:=1 + (J-Jb) div 2; 
    if not odd(J-Jb) then 
      Xr^[I]:=Sig[J] 
    else 
      Xi^[I]:=Sig[J]; 
  end; 
  ForwardFft(N,Dt,Xr,Xi); 
  Ymax:=-1e6; 
  RhoC:=407; 
  Po:=20e-6; 
  Tavg:=300e-3; 
  E0:=Po*Po*Tavg/RhoC; 
  F1:=1/(Nn*Dt); 
  Fmax:=0.5/Dt; 
  for I:=1 to N+1 do begin 
    Tmax:=2*F1*(Sqr(Xr^[I])+Sqr(Xi^[I]))/RhoC/E0; 
    Energy^[I]:=Tmax; 







    if Tmax>Ymax then Ymax:=Tmax; 
  end; 
  Energy^[1]:=0.5*Energy^[1]; 
  Energy^[N+1]:=0.5*Energy^[N+1]; 
  Nstart:=Trunc(10*Log10(F1)); 
  Nstart:=Nstart-5*0; 
  Nstop:=Nstart; 
  Ln10_10:=Ln(10)/10; 
  while Exp(Nstop*Ln10_10)<Fmax do Inc(Nstop); 
  Dec(Nstop); 
  Dec(Nstop); 
  for Nband:=Nstart to Nstop do begin 
    Fo:=exp(Nband*Ln10_10); 
    Fm:=exp((Nband-0.5)*Ln10_10); 
    Fp:=exp((Nband+0.5)*Ln10_10);{1/10 decade} 
    Im:=Trunc(Fm/F1)+1; 
    Ip:=Trunc(Fp/F1)+1; 
    if (Im*F1>=Fmax) or (Ip*F1>=Fmax) then 
      halt; 
    Am:=Energy^[Im]+(Fm/F1-Im+1)*(Energy^[Im+1]-
Energy^[Im]); 
    Ap:=Energy^[Ip]+(Fp/F1-Ip+1)*(Energy^[Ip+1]-
Energy^[Ip]); 
    if Ip=Im then 
      Ee:=0.5*(Am+Ap)*(Fp-Fm) 
    else if Ip=Im+1 then begin 
      Em:=0.5*(Am+Energy^[Im+1])*(Im*F1-Fm); 
      Ep:=0.5*(Ap+Energy^[Ip])*(Fp-(Ip-1)*F1); 
      Ee:=Em+Ep 
    end 
    else begin 
      Em:=0.5*(Am+Energy^[Im+1])*(Im*F1-Fm); 
      Ep:=0.5*(Ap+Energy^[Ip])*(Fp-(Ip-1)*F1); 
      Ee:=Em+Ep; 
      for I:=Im+1 to Ip-1 do 
        Ee:=Ee+0.5*(Energy^[I]+Energy^[I+1])*F1 
    end; 
    E3[Nband]:=Ee/F1; 
    if E3[Nband]>Ymax then Ymax:=E3[Nband]; 
  end; 
 
  if LogPlotNew then begin 
    Ymax:=10*Log10(Ymax)+0; 
    if Ymax>Ymax1 then Ymax1:=Ymax; 
    Ymax:=Ymax1; 
    Ymin:=Ymax-90; 
    Ystep:=StepSize((Ymax-Ymin)/30);  Ny:=5; 
    Xmin:=Log10(F1); Xmax:=Log10(Fmax); 
    St:='1/3 OCT LEQ(300MS)'; 
    St1:='DB REF 20uPA'; 
    Yoffset:=0; 







    Y2min:=Ymin; Y2max:=Ymax; 
    X2min:=Xmin; X2max:=Xmax; 
  end else begin 
    Ymin:=Y2min; Ymax:=Y2max; 
    Xmin:=X2min; Xmax:=X2max; 
    Ystep:=StepSize((Ymax-Ymin)/30);  Ny:=5; 
    Yoffset:=0; 
  end; 
  TitleLabel:=''; 
  PlotLogAxes; 
  with Canvas do begin 
    Pen.Mode:=pmcopy; 
    Pen.Color:=clRed; 
{      Pen.Color:=clSilver;} 
    Dec(OverlayColor); 
    case OverlayColor of 
      1:Pen.Color:=clRed; 
      2:Pen.Color:=clGreen; 
      3:Pen.Color:=clFuchsia; 
      4:Pen.Color:=clAqua; 
      5:Pen.Color:=clGreen; 
    else 
        Pen.Color:=clMaroon; 
    end; 
    Inc(OverlayColor); 
    Pen.Style:=psSolid; 
    I:=2; 
    Xx:=log10(F1); Tmax:=(Sqr(Xr^[I])+Sqr(Xi^[I])); 
Yy:=10*Log10(2*F1*Tmax/RhoC/E0); 
    Scale; MoveTo(Xin,Yin); 
    for I:=3 to N do begin 
      Xx:=log10(F1*(I-1)); Tmax:=(Sqr(Xr^[I])+Sqr(Xi^[I])); 
      Yy:=10*Log10(2*F1*Tmax/RhoC/E0); Scale; 
LineTo(Xin,Yin); 
    end; 
{    Pen.Color:=clRed; } 
    Xx:=Nstart/10;  Yy:=10*Log10(E3[Nstart]); 
    Scale; MoveTo(Xin,Yin); 
    if TOBPlot then begin 
      for Nband:=Nstart+1 to Nstop do begin 
        Xx:=Nband/10;  Yy:=10*Log10(E3[Nband]); Scale; 
LineTo(Xin,Yin); 
      end; 
    end; 
  end; 
{============} 
 
  for J:=0 to SizeS1 do Sig[J]:=ISig[J]; { get input wave } 
  SizeS1New:=SizeS1; 
  Jb:=0; 
  Je:=SizeS1; 







  Nn:=SizeS1+1; 
  N:=Nn div 2; 
{    N1:=N+1;} 
  F1:=1/(Nn*Dt); 
{  New(Xr);    New(Xi); New(Energy);} 
  for I:=1 to N+1 do begin 
    Xr^[I]:=0; 
    Xi^[I]:=0; 
    Energy^[I]:=0; 
  end; 
  for J:=Jb to Je do begin 
    I:=1 + (J-Jb) div 2; 
    if not odd(J-Jb) then 
      Xr^[I]:=Sig[J] 
    else 
      Xi^[I]:=Sig[J]; 
  end; 
  ForwardFft(N,Dt,Xr,Xi); 
  Ymax:=-1e6; 
  RhoC:=407; 
  Po:=20e-6; 
  Tavg:=300e-3; 
  E0:=Po*Po*Tavg/RhoC; 
  F1:=1/(Nn*Dt); 
  Fmax:=0.5/Dt; 
  for I:=1 to N+1 do begin 
    Tmax:=2*F1*(Sqr(Xr^[I])+Sqr(Xi^[I]))/RhoC/E0; 
    Energy^[I]:=Tmax; 
    if Tmax>Ymax then Ymax:=Tmax; 
  end; 
  Energy^[1]:=0.5*Energy^[1]; 
  Energy^[N+1]:=0.5*Energy^[N+1]; 
  Nstart:=Trunc(10*Log10(F1)); 
  Nstart:=Nstart-5*0; 
  Nstop:=Nstart; 
  Ln10_10:=Ln(10)/10; 
  while Exp(Nstop*Ln10_10)<Fmax do Inc(Nstop); 
  Dec(Nstop); 
  Dec(Nstop); 
  for Nband:=Nstart to Nstop do begin 
    Fo:=exp(Nband*Ln10_10); 
    Fm:=exp((Nband-0.5)*Ln10_10); 
    Fp:=exp((Nband+0.5)*Ln10_10);{1/10 decade} 
    Im:=Trunc(Fm/F1)+1; 
    Ip:=Trunc(Fp/F1)+1; 
    if (Im*F1>=Fmax) or (Ip*F1>=Fmax) then 
      halt; 
    Am:=Energy^[Im]+(Fm/F1-Im+1)*(Energy^[Im+1]-
Energy^[Im]); 
    Ap:=Energy^[Ip]+(Fp/F1-Ip+1)*(Energy^[Ip+1]-
Energy^[Ip]); 
    if Ip=Im then 







      Ee:=0.5*(Am+Ap)*(Fp-Fm) 
    else if Ip=Im+1 then begin 
      Em:=0.5*(Am+Energy^[Im+1])*(Im*F1-Fm); 
      Ep:=0.5*(Ap+Energy^[Ip])*(Fp-(Ip-1)*F1); 
      Ee:=Em+Ep 
    end 
    else begin 
      Em:=0.5*(Am+Energy^[Im+1])*(Im*F1-Fm); 
      Ep:=0.5*(Ap+Energy^[Ip])*(Fp-(Ip-1)*F1); 
      Ee:=Em+Ep; 
      for I:=Im+1 to Ip-1 do 
        Ee:=Ee+0.5*(Energy^[I]+Energy^[I+1])*F1 
    end; 
    E3a[Nband]:=Ee/F1; 
    if E3a[Nband]>Ymax then Ymax:=E3a[Nband]; 
  end; 
(* 
  Ymax:=10*Log10(Ymax)+5; 
  Ymin:=Ymax-70; 
  Ystep:=StepSize((Ymax-Ymin)/30);  Ny:=5; 
  Xmin:=Log10(F1); Xmax:=Log10(Fmax); 
  St:='1/3 OCT LEQ(300MS)'; 
  St1:='DB REF 20uPA'; 
  Yoffset:=0; 
*) 
  Ymax:=Y2max; Ymin:=Y2min; 
  Xmax:=X2max; Xmin:=X2min; 
  TitleLabel:=''; 
  PlotLogAxes; 
  with Canvas do begin 
    Pen.Mode:=pmcopy; 
    Pen.Color:=clBlue; 
    Pen.Style:=psSolid; 
    I:=2; 
    Xx:=log10(F1); Tmax:=(Sqr(Xr^[I])+Sqr(Xi^[I])); 
Yy:=10*Log10(2*F1*Tmax/RhoC/E0); 
     Scale; MoveTo(Xin,Yin); 
    for I:=3 to N do begin 
      Xx:=log10(F1*(I-1)); Tmax:=(Sqr(Xr^[I])+Sqr(Xi^[I])); 
      Yy:=10*Log10(2*F1*Tmax/RhoC/E0); Scale; 
LineTo(Xin,Yin); 
    end; 
    Pen.Color:=clBlue; 
    Xx:=Nstart/10;  Yy:=10*Log10(E3a[Nstart]); 
    Scale; MoveTo(Xin,Yin); 
    if TOBPlot then begin 
      for Nband:=Nstart+1 to Nstop do begin 
        Xx:=Nband/10;  Yy:=10*Log10(E3a[Nband]); Scale; 
LineTo(Xin,Yin); 
      end; 
    end; 
  end; 







 
  for Nband:=Nstart+1 to Nstop do begin 
    E3[Nband]:=10*Log10(E3[Nband]/E3a[Nband]);    { Noise 
Reduction } 
  end; 
  Code:=SysUtils.FindFirst(AhaahDirectory+'\Dat\Hearing 
Protectors\TOB.txt',faAnyFile,SearchRec); 
  if Code<>0 then begin   {TOB.TXT doesn't exist so make one} 
    AssignFile(OutFText,AhaahDirectory+'\Dat\Hearing 
Protectors\TOB.txt'); ReWrite(OutFText); 
    for Nband:=17 to 40 do begin    {50 - 10,000 Hz} 
      if Nband<>40 then 
        Write(OutFText,Exp(Ln10_10*Nband)/1000:3:3,Chr(9)) 
      else 
        WriteLn(OutFText,Exp(Ln10_10*Nband)/1000:3:3); 
    end; 
(* 
    for Nband:=17 to 40 do begin 
      if Nband<>40 then 
        Write(OutFText,Nband:2,Chr(9)) 
      else 
        WriteLn(OutFText,Nband:2); 
    end; 
*) 
    CloseFile(OutFText); 
  end; 
  AssignFile(OutFText,AhaahDirectory+'\Dat\Hearing 
Protectors\TOB.txt'); Append(OutFText); 
  for Nband:=17 to 40 do begin 
    if Jj=0 then begin { No change from NR to IL  } 
      Xx:=0 
    end else begin 
      if Nband<23 then Xx:=0 
      else if Nband>40 then Xx:=0 
      else begin 
        Xx:=Tfoe[(Jj-1)+3*Jjj,Nband]; 
        if (Jj=1) and (Jjjj=0) then Jjjj:=1; { force ISL to 
be ED not CE - no CEED data} 
        if (Jj=2) and (Jjjj=0) then Xx:=Xx-Tfoe[-2,Nband]; { 
Shaw CE = ED - CEED } 
        if (Jj=3) and (Jjjj=1) then Xx:=Xx+Tfoe[-1,Nband]; { 
MM   ED = CE + CEED } 
      end; 
    end; 
    E3[Nband]:=E3[Nband]-Xx;    { Insertion Loss = Noise 
Reduction - Tfoe } 
    Write(OutFText,E3[Nband]:1:1,Chr(9)); 
  end; 
  Write(OutFText,FName2,Chr(9)); 
  WriteLn(OutFText,Jj:1,Chr(9),Jjj:1,Chr(9),Jjjj:1); 
  Flush(OutFText); 







  CloseFile(OutFText); 
  Dispose(Xr);    Dispose(Xi);  Dispose(Energy); 
  SaveForm; 
  PlotNew:=False; 
end; 
 
procedure TForm1.Button14Click(Sender: TObject); 
begin 
  Panel1.Visible:=False; 
  Ready:=True; 
end; 
 
 
(* 
procedure TForm1.CEPNL1Click(Sender: TObject); 
var 
  J: integer; 
begin 
  OpenMuff:=True; 
  Canvas.Pen.Color:=clRed; 
  TimeDomainModel4l; 
{ 
  for J:=0 to SizeS1 do begin 
    Xx:=(Tb+J*Dt)*1e3; Yy:=Sig1[J]*1e-3; scale; 
    if J=0 then Canvas.MoveTo(Xin,Yin) else 
Canvas.LineTo(Xin,Yin); 
  end; 
} 
  for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
  StringGrid1.Cells[1,3]:='2'; 
  MainMenu1.Items[1].Enabled:=False; 
  MainMenu1.Items[0].Items[4].Enabled:=False; { Save AHA 
(line is 3)} 
end; 
*) 
 
(* 
procedure TForm1.CEPNL2Click(Sender: TObject); 
var 
  J: integer; 
begin 
  OpenMuff:=False; 
  Canvas.Pen.Color:=clGreen; 
  TimeDomainModel4; 
{ 
  for J:=0 to SizeS1 do begin 
    Xx:=(Tb+J*Dt)*1e3; Yy:=Sig1[J]*1e-3; scale; 
    if J=0 then Canvas.MoveTo(Xin,Yin) else 
Canvas.LineTo(Xin,Yin); 
  end; 
} 







  for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
  StringGrid1.Cells[1,3]:='2'; 
  MainMenu1.Items[1].Enabled:=False; 
  MainMenu1.Items[0].Items[4].Enabled:=False; { Save AHA 
(line is 3)} 
end; 
*) 
 
(* 
procedure TForm1.CEPModelDescription1Click(Sender: TObject); 
var 
  MyJPEG : TJPEGImage; 
  MyBMP : TBitmap; 
begin 
  MyJPEG:=TJPEGImage.Create; 
  with MyJPEG do begin 
    LoadFromFile(AhaahDirectory+'\BothEars.jpg'); 
    MyBMP:=TBitmap.Create; 
    with MyBMP do begin 
      Width:=Form1.ClientWidth; 
      Height:=Form1.ClientHeight; 
      Width:=MyJPEG.WIdth; 
      Height:=MyJPEG.Height; 
      Canvas.Draw(0,0,MyJPEG) 
    end 
  end; 
  Form1.Visible:=True; 
  StringGrid1.Visible:=False; 
  Form1.Canvas.StretchDraw(Form1.ClientRect,MyBMP); 
  Application.ProcessMessages; 
  MyBMP.Free; 
end; 
*) 
 
procedure TForm1.BDuration1Click(Sender: TObject); 
var 
  J,Jp,Jee,Jj :integer; 
  Ymx,Y1,Y1o,Ta,Tb,N1,Lp,Ja1,Ja2,Jb1 : single; 
begin 
  Ymx:=-1e6; 
  for J:=0 to SizeS1 do 
    if abs(Sig[J])>Ymx then begin 
      Ymx:=abs(Sig[J]); 
      Jp:=J 
    end; 
  Lp:=20*Ln(Ymx)/Ln(10)+94; 
  Y1:=0.1*Ymx; 
  for J:=Jp downto 0 do if  abs(Sig[J])>=Y1 then Jb1:=J; 
  for J:=Jp to SizeS1 do if abs(Sig[J])>=Y1 then Jee:=J; 
{  Xx:=(Jp+Jb)*Dt*1e3; Yy:=Sig[Jp]*1e-3; scale;} 
  Xx:=(Tb+Jp*Dt)*1e3; Yy:=Sig[Jp]*1e-3; scale; 







  Canvas.Pen.Color:=RGB(255,0,0); 
  Canvas.MoveTo(Xin-10,Yin); Canvas.LineTo(Xin+10,Yin); 
  Canvas.MoveTo(Xin,Yin-10); Canvas.LineTo(Xin,Yin+10); 
  Canvas.Pen.Style:=psDot; 
  Xx:=(Tb+Jb1*Dt)*1e3; Yy:=Y1*1e-3;  Scale; 
Canvas.MoveTo(Xin,Yin); 
  Xx:=(Tb+Jee*Dt)*1e3; Yy:=Y1*1e-3;  Scale; 
Canvas.LineTo(Xin,Yin); 
  Xx:=(Tb+Jb1*Dt)*1e3; Yy:=-Y1*1e-3; Scale; 
Canvas.MoveTo(Xin,Yin); 
  Xx:=(Tb+Jee*Dt)*1e3; Yy:=-Y1*1e-3; Scale; 
Canvas.LineTo(Xin,Yin); 
 
  Jb1:=Jee; 
  Canvas.Pen.Style:=psSolid; 
 
  J:=Jp; repeat Dec(J) until Sig[J]<0; Y:=Sig[J]; 
Y1:=Sig[J+1]; Ja1:=J+Y/(Y-Y1); 
  J:=Jp; repeat Inc(J) until Sig[J]<0; Y:=Sig[J]; Y1:=Sig[J-
1]; Ja2:=J-Y/(Y-Y1); 
  Xx:=(Tb+Ja1*Dt)*1e3; Yy:=0; Scale; 
  Canvas.MoveTo(Xin-10,Yin); Canvas.LineTo(Xin+10,Yin); 
  Canvas.MoveTo(Xin,+Yin-10); Canvas.LineTo(Xin,Yin+10); 
  Canvas.Pen.Style:=psSolid; 
  Xx:=(Tb+Ja2*Dt)*1e3; Yy:=0; Scale; 
  Canvas.MoveTo(Xin-10,Yin); Canvas.LineTo(Xin+10,Yin); 
  Canvas.MoveTo(Xin,Yin-10); Canvas.LineTo(Xin,Yin+10); 
 
  Ta:=(Ja2-Ja1)*Dt*1e3; 
  Tb:=(Jb1-Ja1)*Dt*1e3; 
  if Tb<=200 then 
    N1:=Exp(Ln(200/Tb)*(2*ln(10)/(5*ln(2)))+((177-
Lp)/5)*Ln(10)) 
  else 
    N1:=Exp(Ln(200/200)*(2*ln(10)/(5*ln(2)))+((177-
Lp)/5)*Ln(10)); 
  Str(Ta:3:3,Dstr); 
  Str(Tb:2:2,Dstr1); 
  Str(N1:2:2,Dstr2); 
  Str(20*N1:2:2,Dstr3); 
  Str(Lp:3:3,Dstr4); 
{  StringGrid1.Cells[2,5]:='A-dur = '+Dstr+' msec, B-dur = 
'+Dstr1+ 
                           ' msec , PPL = '+Dstr4+' dB, N1 = 
'+Dstr2+', N2 = '+Dstr3;} 
  StringGrid1.Cells[1,7]:=Dstr4; 
  StringGrid1.Cells[1,12]:=Dstr2; 
  StringGrid1.Cells[1,13]:=Dstr3; 
  StringGrid1.Cells[1,14]:=Dstr; 
  StringGrid1.Cells[1,15]:=Dstr1; 
end; 







 
procedure TForm1.ProcessCell; 
var 
  Dto,Temp:single; 
  Tempi,I:integer; 
  S:string; 
begin 
  if TitleCell then begin 
    TitleCell:=False; 
    TitleLabel:=StringGrid1.Cells[2,1]; 
    PressureTimePlot; 
  end; 
  if SampleRateCell then begin 
    Dstr:=StringGrid1.Cells[1,2]; 
    Temp:=SampleRate; 
    val(Dstr,SampleRate,Code); 
    if (Code=0) and (SampleRate>=1) then begin 
      SampleRateCell:=False; 
      Dto:=dt; 
      Dt:=1/SampleRate; 
      Tb:=Tb*Dt/Dto; 
      Te:=Tb+SizeS1*Dt; 
      Tb1:=Tb; Te1:=Te; 
      PressureTimePlot; 
    end 
    else begin 
      Str(Temp:0:0,Dstr); 
      StringGrid1.Cells[1,2]:=Dstr; 
    end; 
  end; 
  if MicRelEarCell then begin 
    ModelSt:=StringGrid1.cells[1,3]; 
    Tempi:=ModelNo; 
    val(ModelSt,ModelNo,Code); 
    if (Code<>0) or not (ModelNo in [1,2,3]) then begin 
      Str(Tempi,ModelSt); 
      StringGrid1.cells[1,3]:=ModelSt 
    end else { 4 } 
      MicRelEarCell:=False; 
  end; 
  if SamplesCell then begin 
    SamplesCell:=False; 
    Dstr:=StringGrid1.Cells[1,4]; 
    Val(Dstr,SizeS1New,Code); 
    if Code<>0 then SizeS1New:=SizeS1+1; 
    Dec(SizeS1New); 
    if SizeS1New>SizeS1 then 
      for I:=SizeS1+1 to SizeS1New do Sig[I]:=0 
    else 
      for I:=SizeS1New+1 to SizeS1 do Sig[I]:=0; 
    SizeS1:=SizeS1New; 







    Te:=Tb+SizeS1*Dt; 
    PressureTimePlot; 
  end; 
  Application.ProcessMessages; 
end; 
 
procedure TForm1.StringGrid1SelectCell(Sender: TObject; 
ACol, 
  ARow: Integer; var CanSelect: Boolean); 
var 
  Dto:single; 
  S:string; 
begin 
  Col:=Acol; Row:=Arow; 
  if (Colo<>Col) or (Rowo<>Row) then ProcessCell; 
  if      (Col=2) and (Row=1) then TitleCell:=True 
  else if (Col=1) and (Row=2) then SampleRateCell:=True 
  else if (Col=1) and (Row=3) then MicRelEarCell:=True 
  else if (Col=1) and (Row=4) then SamplesCell:=True; 
  Colo:=Col; Rowo:=Row; 
end; 
 
procedure TForm1.StringGrid1KeyDown(Sender: TObject; var 
Key: Word; 
  Shift: TShiftState);begin 
  if Key=VK_Return then begin 
    if      (Col=2) and (Row=1) then TitleCell:=True 
    else if (Col=1) and (Row=2) then SampleRateCell:=True 
    else if (Col=1) and (Row=3) then MicRelEarCell:=True 
    else if (Col=1) and (Row=4) then SamplesCell:=True; 
    ProcessCell; 
  end; 
end; 
 
procedure CochlearModel2; 
var 
  BIndex,M,K : integer; 
  Upwd : boolean; 
  Maxs,Haz : single; 
begin 
  New(Xr); New(Xi); New(X1r); New(X1i); New(Drr); New(Dii); 
New(Cxx); New(Cyy); 
  M:=Round(Log2(SizeS1+1)); 
  NnNearest:=Round(Exp(M*Ln(2))); 
  Nn:=NnNearest; 
  N:=Nn div 2; 
  StMax:=-1e6; StMin:=1e6; 
  for K:=0 to Nn-1 do begin 
    Ma^[K,-1]:=Sig[K];  {Store pressure in first column} 
    Ma^[K,0]:=Sig1[K];  {Store s.d. in second column} 
    if Sig1[K]>StMax then StMax:=Sig1[K]; 







    if Sig1[K]<StMin then StMin:=Sig1[K]; 
  end; 
  Ma^[-2,-1]:=PrMax; 
  Ma^[-1,-1]:=PrMin; 
  Ma^[-2,0]:=StMax; 
  Ma^[-1,0]:=StMin; 
  for K:=1 to XbufSize do begin 
    X1r^[K]:=0; 
    X1i^[K]:=0 
  end; 
  J:=0;  K:=1; 
  repeat 
    X1r^[K]:=Sig1[J]; Inc(J); 
    X1i^[K]:=Sig1[J]; Inc(J); 
    Inc(K) 
  until J>SizeS1; 
  ForwardFft(N,Dt,X1r,X1i); 
  Alpha:=-Ln(SWeightApex)/XbApex; 
  DeltX:=(XbmTo-XbmFrom)/(XbmNo-1); 
  Factoro:=SweightBase*Exp(-Alpha*XbmFrom); 
  Factor:=Factoro; 
  Ex:=Exp(-Alpha*DeltX); 
  MaxHazard:=0; 
  for BIndex:=0 to XbmNo do begin 
    if BIndex=0 then 
      Xbm:=XbApex { flag for helicotrema condition } 
    else begin 
      if XbmNo=1 then 
        Xbm:=XbmFrom 
      else 
        Xbm:=XbmFrom+(BIndex-1)*DeltX; 
    end; 
    Fplace:=1e-3*Fo*Exp(-Xbm/Dc); 
    Wkb(Xbm,Ca,Nw,BIndex); 
    if BIndex<>0 then begin 
      for K:=1 to N+1 do begin 
        Xr^[K]:=X1r^[K]*Drr^[K]-X1i^[K]*Dii^[K]; 
        Xi^[K]:=X1i^[K]*Drr^[K]+X1r^[K]*Dii^[K]; 
      end; 
      InverseFft(N,Dt,Xr,Xi); 
      J:=0; K:=1; 
      repeat 
        Sig1[J]:=Xr^[K]; Inc(J); 
        Sig1[J]:=Xi^[K]; Inc(J); 
        Inc(K) 
      until K>N; 
 
      BmdMax:=-1e6; BmdMin:=1e6; 
      Upwd:=FALSE; 
      Haz:=0; Maxs:=0; 
      J:=0; 







      repeat 
        Yy:=Sig1[J]; 
        Ma^[J,BIndex]:=Yy;  {Store BMD in BIndex } 
        if Yy>BmdMax then BmdMax:=Yy; 
        if Yy<BmdMin then BmdMin:=Yy; 
        if Yy>0 then begin 
          if Upwd then begin 
            if Yy*Factor>Maxs then Maxs:=Yy*Factor 
          end 
          else begin 
            Upwd:=TRUE; 
            Maxs:=Yy*Factor 
          end 
        end 
        else begin 
          if Upwd then begin 
            Upwd:=FALSE; 
            if Maxs>DamageThreshold then begin 
              Haz:=Haz+Exp(Bcoef*Ln(Maxs-DamageThreshold)) 
            end 
          end 
        end; 
        Inc(J) 
      until J=Nn; 
      Factor:=Factor*Ex; 
      Maxh[BIndex]:=Haz; 
      if MaxHazard<Maxh[BIndex] then 
MaxHazard:=Maxh[BIndex]; 
      Ma^[-3,BIndex]:=Haz; 
      Ma^[-2,BIndex]:=BmdMax; 
      Ma^[-1,BIndex]:=BmdMin; 
    end; { if BIndex<>0 } 
  end; { BIndex } 
  for BIndex:=1 to XbmNo do begin 
    Xbm:=XbmFrom+(BIndex-1)*DeltX; 
    Fplace:=1e-3*Fo*Exp(-Xbm/Dc); 
{    Write(OutFText,Maxh[BIndex]:11:5,#9);} 
  end; 
  Dispose(Cyy); Dispose(Cxx); Dispose(Dii); Dispose(Drr); 
  Dispose(X1i); Dispose(X1r); Dispose(Xi); Dispose(Xr); 
end; 
 
procedure TimeDomainModel3A; 
var 
  J,Kk:integer; 
begin 
  Pio2:=Pi/2; 
  Ecrit:=Pio2*(1-3e-4); {2}{  Ecrit:=Pi2*(1-1e-18);} 
  FOR J:=1 TO LoopNumber DO begin Io[J]:=0; Qo[J]:=0 end; 
  Pscale:=10*Magnify;  {  Pa TO 10(dyne/cm2) } 
  FOR Kk:=1 TO LoopNumber DO Qo[Kk]:=0; 







  Lgap1:=Lgap/Cm3ToXmicrons; 
  OLgap1:=1/Lgap1; 
  Ramp1:=Ramp-1; 
  Eo1:=1+Eo; 
  Eb1:=1/(2*Eb/Pi); 
  Eb2:=Eo*Eb1; 
  Kconst:=Eo1/etan(Eb2); 
  Xb:=Lgap*Sqrt(Sqr((1+Eb)/(1+Eo))-1); 
  Njmin:=1; 
  Gk1:=1; Gk2:=1; Gr1:=1; Gr2:=1; 
  Ex1:=Ex0; 
  Nj:=Njmin; 
  Nj:=256; 
  K:=0; 
  Data1:=Sig[K]*Pscale; 
  Sig1[K]:=Qo[2]*Cm3ToXmicrons; 
  ProgSize:=Round(SizeS1/23); 
  REPEAT 
    Inc(K); 
    Data2:=Sig[K]*Pscale+(PrMax-PrMin)/131072*(Random-0.5); 
    if Kr<0 then begin Gk2:=MemMagK; Gr2:=MemMagR end 
    else if K<=Kr then begin Gk2:=1; Gr2:=1 end 
    else begin 
      Ex1:=Ex1*Ex2; 
      Gk2:=1+MemMagK1*(1-Ex1); 
      Gr2:=1+MemMagR1*(1-Ex1); 
    end; 
    Nj:=Round(Nj/AdaptFactor); {2.7} 
    IF Nj<Njmin THEN Nj:=Njmin; 
    FOR J:=1 TO LoopNumber DO begin Qoo[J]:=Qo[J]; 
Ioo[J]:=Io[J] end; 
    RungeKutta3; 
    REPEAT 
      for J:=2 to 7 do L[J]:=Io[J]; 
      Nj:=Nj*2; 
      RungeKutta3; 
      ErrMax:=0; 
      for J:=2 to 7 do begin 
        if Io[J]<>0 then Err:=abs(L[J]/Io[J]-1); 
 
        if Err>ErrMax then ErrMax:=Err; 
      end; 
    UNTIL ErrMax<=ErrTol; 
    Sig1[K]:=Qo[2]*Cm3ToXmicrons; 
    Data1:=Data2; 
    Gk1:=Gk2; 
    Gr1:=Gr2; 
  UNTIL K=SizeS1; 
end; 
 
 







procedure TimeDomainModel2A; 
var 
  J,Kk:integer; 
begin 
  Pio2:=Pi/2; 
  Ecrit:=Pio2*(1-3e-4); {2}{  Ecrit:=Pi2*(1-1e-18);} 
  FOR J:=1 TO LoopNumber DO begin Io[J]:=0; Qo[J]:=0 end; 
  Pscale:=10*Magnify;  {  Pa TO 10(dyne/cm2) } 
  FOR Kk:=1 TO LoopNumber DO Qo[Kk]:=0; 
  Lgap1:=Lgap/Cm3ToXmicrons; 
  OLgap1:=1/Lgap1; 
  Ramp1:=Ramp-1; 
  Eo1:=1+Eo; 
  Eb1:=1/(2*Eb/Pi); 
  Eb2:=Eo*Eb1; 
  Kconst:=Eo1/etan(Eb2); 
  Xb:=Lgap*Sqrt(Sqr((1+Eb)/(1+Eo))-1); 
  Njmin:=1; 
  Gk1:=1; Gk2:=1; Gr1:=1; Gr2:=1; 
  Ex1:=Ex0; 
  Nj:=Njmin; 
  Nj:=256; 
  K:=0; 
  Data1:=Sig[K]*Pscale; 
  Sig1[K]:=Qo[2]*Cm3ToXmicrons; 
  ProgSize:=Round(SizeS1/23); 
  REPEAT 
    Inc(K); 
    Data2:=Sig[K]*Pscale+(PrMax-PrMin)/131072*(Random-0.5); 
    if Kr<0 then begin Gk2:=MemMagK; Gr2:=MemMagR end 
    else if K<=Kr then begin Gk2:=1; Gr2:=1 end 
    else begin 
      Ex1:=Ex1*Ex2; 
      Gk2:=1+MemMagK1*(1-Ex1); 
      Gr2:=1+MemMagR1*(1-Ex1); 
    end; 
    Nj:=Round(Nj/AdaptFactor); {2.7} 
    IF Nj<Njmin THEN Nj:=Njmin; 
    FOR J:=1 TO LoopNumber DO begin Qoo[J]:=Qo[J]; 
Ioo[J]:=Io[J] end; 
    RungeKutta2; 
    REPEAT 
      for J:=2 to 7 do L[J]:=Io[J]; 
      Nj:=Nj*2; 
      RungeKutta2; 
      ErrMax:=0; 
      for J:=2 to 7 do begin 
        if Io[J]<>0 then Err:=abs(L[J]/Io[J]-1); 
        if Err>ErrMax then ErrMax:=Err; 
      end; 
    UNTIL ErrMax<=ErrTol; 
    Sig1[K]:=Qo[2]*Cm3ToXmicrons; 







    Data1:=Data2; 
    Gk1:=Gk2; 
    Gr1:=Gr2; 
  UNTIL K=SizeS1; 
end; {TimeDomainModel2} 
 
 
procedure TimeDomainModel1A; 
var 
  J,Kk:integer; 
begin 
  Pio2:=Pi/2; 
  Ecrit:=Pio2*(1-3e-4); {2}{  Ecrit:=Pi2*(1-1e-18);} 
  FOR J:=1 TO LoopNumber DO begin Io[J]:=0; Qo[J]:=0 end; 
  Pscale:=10*Magnify;  {  Pa TO 10(dyne/cm2) } 
  FOR Kk:=1 TO LoopNumber DO Qo[Kk]:=0; 
  Lgap1:=Lgap/Cm3ToXmicrons; 
  OLgap1:=1/Lgap1; 
  Ramp1:=Ramp-1; 
  Eo1:=1+Eo; 
  Eb1:=1/(2*Eb/Pi); 
  Eb2:=Eo*Eb1; 
  Kconst:=Eo1/etan(Eb2); 
  Xb:=Lgap*Sqrt(Sqr((1+Eb)/(1+Eo))-1); 
  Njmin:=1; 
  Gk1:=1; Gk2:=1; Gr1:=1; Gr2:=1; 
  Ex1:=Ex0; 
  Nj:=Njmin; 
  Nj:=256; 
  K:=0; 
  Data1:=Sig[K]*Pscale; 
  Sig1[K]:=Qo[2]*Cm3ToXmicrons; 
{  Xx:=K*Dt*1e3; Yy:=Sig1[K]; scale; Canvas.MoveTo(Xin,Yin);} 
  ProgSize:=Round(SizeS1/23); 
  REPEAT 
    Inc(K); 
    Data2:=Pscale*(Sig[K]); 
    if Kr<0 then begin Gk2:=MemMagK; Gr2:=MemMagR end 
    else if K<=Kr then begin Gk2:=1; Gr2:=1 end 
    else begin 
      Ex1:=Ex1*Ex2; 
      Gk2:=1+MemMagK1*(1-Ex1); 
      Gr2:=1+MemMagR1*(1-Ex1); 
    end; 
    Nj:=Round(Nj/AdaptFactor); {2.7} 
    IF Nj<Njmin THEN Nj:=Njmin; 
    FOR J:=1 TO LoopNumber DO begin Qoo[J]:=Qo[J]; 
Ioo[J]:=Io[J] end; 
    RungeKutta1; 
    REPEAT 
      for J:=2 to 7 do L[J]:=Io[J]; 







      Nj:=Nj*2; 
      RungeKutta1; 
      ErrMax:=0; 
      for J:=2 to 7 do begin 
        if Io[J]<>0 then Err:=abs(L[J]/Io[J]-1); 
 
        if Err>ErrMax then ErrMax:=Err; 
      end; 
    UNTIL ErrMax<=ErrTol; 
    Sig1[K]:=Qo[2]*Cm3ToXmicrons; 
{   Xx:=K*Dt*1e3; Yy:=Sig1[K]; scale; 
Canvas.LineTo(Xin,Yin);} 
{    if K mod ProgSize =0 then ProgressBar1.StepIt;} 
    Data1:=Data2; 
    Gk1:=Gk2; 
    Gr1:=Gr2; 
  UNTIL K=SizeS1; 
end; 
 
procedure CalculateHazard3; 
var 
  J:integer; 
begin 
  if (ModelNo=1) or (ModelNo=4) then begin 
    LoopNumber:=24; 
    TimeDomainModel1A; 
  end 
  else if ModelNo=2 then begin 
    LoopNumber:=23; 
    TimeDomainModel2A; 
  end else if ModelNo=3 then begin 
    LoopNumber:=6; 
    TimeDomainModel3A; 
  end; 
  CochlearModel2; 
  if MaxHazard <1 then Str(MaxHazard:12:4,HazStr) 
  else if MaxHazard <10 then Str(MaxHazard:12:3,HazStr) 
  else if MaxHazard <100 then Str(MaxHazard:12:2,HazStr) 
  else if MaxHazard <1000 then Str(MaxHazard:12:1,HazStr) 
  else Str(MaxHazard:12:0,HazStr); 
  TrimLead(HazStr,' '); 
{  Edit1.Text:=HazStr+'  A.R.U.';} 
end; 
 
function LookFor(St: string): integer; 
begin 
  Done:=False; 
  K:=Length(St); 
  Kk:=0; 
  repeat 
    Inc(Kk); 







    if char(p^[Kk])=St[1] then begin 
      Jb:=1;             
      repeat 
        Inc(Jb) 
      until char(p^[Kk+Jb-1])<>St[Jb]; 
      if Jb>K then Done:=True; 
    end; 
  until Done; 
  LookFor:=Kk+K 
end; 
 
function GetString(var J:integer):string; 
var 
  S:string; 
begin 
  S:=''; 
  while not (p^[J] in [$9,$A,$D]) do begin 
    S:=S+char(p^[J]); 
    Inc(J); 
  end; 
  while p^[J] in [$9,$A,$D] do Inc(J); 
  GetString:=TrimRight(S); 
end; 
 
function GetNumber(var J:integer):single; 
var 
  S:string; 
  X:single; 
begin 
  while p^[J] in [$9,$20] do Inc(J); 
  S:=''; 
  while not(p^[J] in [$20,$D,$A]) do begin 
    S:=S+char(p^[J]); 
    Inc(J); 
  end; 
  while not(p^[J] in [$A]) do Inc(J); 
  Inc(J); 
  val(S,X,Code); 
  GetNumber:=X; 
end; 
 
procedure TForm1.LabelProgressBar; 
var 
  u,h,w : integer; 
begin 
  u:=3; 
  with Form1.Canvas do begin 
    Font.Color:=clRed; {clFuchsia;} 
    Font.Name:='Times New Roman'; 
    Font.Style:=[fsBold]; 
    Font.Size:=12; 







    OldBkMode:=SetBkMode(Handle,TRANSPARENT); 
    h:=TextHeight(St) div 2; 
    w:=TextWidth(St) div 2; 
    Xin:=Trunc(1.1*w1); 
    Yin:=Form1.ClientHeight-2*h; 
    TextOut(Xin-w*(u mod 3), Yin-h*(u div 3), St); 
    SetBkMode(Handle,OldBkMode); 
  end; 
end; 
 
 
 
procedure TForm1.script1Click(Sender: TObject); 
var 
  
St0,St2,St3,Path,Dummy,Round,Channel,FName,Suffix,HPDPath,L
evel,Dist,ModInt, 
    AhaFile: string; 
  h,w,Success,Flen : integer; 
  SearchRec  : TSearchRec; 
begin 
{  ClearCanvas;} 
  St0:='Types of batch scripts:'+Crlf; 
  St0:=St0+'0. No script'+CrLf; 
  St0:=St0+'1. Aberdeen Test Center'+CrLf; 
  St0:=St0+'2. Yuma Proving Ground'+CrLf; 
  St0:=St0+'3. AHAAH 270 and 90 degrees'; 
 
  MessageDlg(St0,mtInformation,[mbok],0); RestoreForm; 
  ScriptType:=3; 
  GetNumI('Type of batch script',0,3,ScriptType); 
RestoreForm; 
  if ScriptType<>0 then begin 
    OpenDialog1.Filter:='Script files|*.txt|All Files|*.*'; 
    OpenDialog1.FileName:='Choose Folder and any one of the 
script files'; 
    if OpenDialog1.Execute then begin 
      RestoreForm; 
      GetDir(0,CurrentDirectory); 
      
FE:=ANSIUpperCase(ExtractFileExt(OpenDialog1.Filename)); 
      Path:=ExtractFilePath(OpenDialog1.Filename); 
      FileName:=ExtractFileName(OpenDialog1.Filename); 
      AssignFile(Tf,Path+FileName); 
      Reset(Tf); 
      FName:=FileName; 
      Flen:=pos('.',Filename); 
      if Flen>0 then SetLength(FName,Flen-1); 
      St0:='Calculation using pressure:'+Crlf; 
      St0:=St0+'1. in free-field'+CrLf; 







      St0:=St0+'2. predicted under muff with REAT-MP 
model'+CrLf; 
      St0:=St0+'3. predicted under earplug using REAT-MP 
model'+CrLf; 
      St0:=St0+'4. measured earmuff'; 
      MessageDlg(St0,mtInformation,[mbok],0);; 
      RestoreForm; 
      HPDType:=4; 
      GetNumI('Type of HPD hazard calculation',1,4,HPDType);  
RestoreForm; 
      RestoreForm; 
      Kangle:=5; 
      Nsd:=1; 
      Case HPDType of 
      1:begin 
          Suffix:='FF'; 
        end; 
      2:begin 
          
OpenDialog1.InitialDir:=AhaahDirectory+'\DAT\HPD_BATCH'; 
          OpenDialog1.FileName:='Choose Folder and any one of 
the HPD files'; 
          OpenDialog1.Filter:='HPD files|*.HPD|All 
Files|*.*'; 
          if OpenDialog1.Execute then begin 
            RestoreForm; 
            HPDFile:=ExtractFileName(OpenDialog1.Filename); 
            HPDPath:=ExtractFilePath(OpenDialog1.Filename); 
          end; 
          GetNumI('Angle of incidence, Theta (x 18 deg)" 
',0,19,Kangle);  RestoreForm; 
          GetNumR('Derate mean by Nsd st dev" ',-5,5,Nsd);  
RestoreForm; 
          ProtectorType:=HPDType; 
          FileName:=HPDFile; 
          Flen:=pos('.',FileName); 
          if Flen>0 then SetLength(FileName,Flen-1); 
          Suffix:=FileName; 
          HPDFile:=HPDPath+HPDFile; 
        end; 
      3:begin 
          
OpenDialog1.InitialDir:=AhaahDirectory+'\DAT\HPD_BATCH'; 
          OpenDialog1.Filter:='HPD files|*.HPD|All 
Files|*.*'; 
          OpenDialog1.FileName:='Choose Folder and any one of 
the HPD files'; 
          if OpenDialog1.Execute then begin 
            RestoreForm; 
            HPDFile:=ExtractFileName(OpenDialog1.Filename); 
            HPDPath:=ExtractFilePath(OpenDialog1.Filename); 
          end; 







          GetNumI('Angle of incidence, Theta (x 18 deg)" 
',0,19,Kangle);  RestoreForm; 
          GetNumR('Derate mean by Nsd st dev" ',-5,5,Nsd);  
RestoreForm; 
          ProtectorType:=HPDType; 
          FileName:=HPDFile; 
          Flen:=pos('.',FileName); 
          if Flen>0 then SetLength(FileName,Flen-1); 
          Suffix:=FileName; 
          HPDFile:=HPDPath+HPDFile; 
        end; 
        4:begin 
            Suffix:='CE'; 
          end; 
 
      end; 
{ 
      Suffix:=FileName; 
      Suffix:='FF'; 
      repeat 
        InStr:=InputBox('OUTPUT SUFFIX TO INPUT SCRIPT 
NAME','For example: FF,EA,TF',Suffix); 
      until length(InStr)<>0; 
      Suffix:=InStr; 
} 
      FName:=FName+'_'+Suffix+'.txt'; 
{      AssignFile(OutFText,Path+FName);} 
      AssignFile(OutFText,AhaahDirectory+'\'+FName); 
      Rewrite(OutFText); 
 
      Case HPDType of 
      1: begin 
         
St0:='Round'+#9+'Channel'+#9+'ARU(W)'+#9+'ANR(W)'+#9+'ARU(U
)'+#9+'ANR(U)'; 
         end; 
      2: begin 
         
St0:='Round'+#9+'Channel'+#9+'HPD'+#9+'Angle'+#9+'Nsd'+#9; 
         
St0:=St0+'FF:Elin'+#9+'EC'+#9+'EA'+#9+'PPL'+#9+'HPD:Elin'+#
9+'EC'+#9+'EA'; 
         
St0:=St0+#9+'PPL'+#9+'ANR(A)'+#9+'ARU(W)'+#9+'ANR(W)'+#9+'A
RU(U)'+#9+'ANR(U)'; 
         end; 
      3: begin 
         
St0:='Round'+#9+'Channel'+#9+'HPD'+#9+'Angle'+#9+'Nsd'+#9; 







         
St0:=St0+'FF:Elin'+#9+'EC'+#9+'EA'+#9+'PPL'+#9+'HPD:Elin'+#
9+'EC'+#9+'EA'; 
         
St0:=St0+#9+'PPL'+#9+'ANR(A)'+#9+'ARU(W)'+#9+'ANR(W)'+#9+'A
RU(U)'+#9+'ANR(U)'; 
         end; 
      4: begin 
         
St0:='File'+#9+'Level'+#9+'Dist'+#9+'Modify'+#9+'Lw(dB)'+#9
+'Lu(dB)'; 
         end; 
 
      end; 
      WriteLn(OutFText,St0); 
      K:=0; 
      while not EOF(Tf) do begin 
        ReadLn(Tf,Dummy); 
        Inc(K); 
      end; 
      Dec(K); 
      Reset(Tf); 
      ReadLn(Tf,Dummy); 
      h:=Form1.ClientHeight; 
      w:=Form1.ClientWidth; 
      h1:=Trunc(0.03*h); 
      w1:=Trunc(0.2*w); 
{      DrawFrontScreen;} 
      with ProgressBar2 do begin 
        Height:=h1; 
        Top:=h-Trunc(1.25*h1); 
        Width:=w1; 
        Left:=0;   {Round((w-w1)/2)} 
        Min:=0; 
        Max:=2*K; 
        Step:=1; 
        Position:=0; 
        Visible:=True; 
      end; 
      St:='Multi AHAs - One HPD'; 
      LabelProgressBar; 
     { New(Ma);} 
      while not EOF(Tf) do begin 
        case ScriptType of 
          1:begin 
            ReadLn(Tf,Dummy); 
            St0:=Dummy; 
            J:=Pos(Chr(9),St0); 
            Round:=Copy(St0,1,J-1); 
            St0:=Copy(St0,J+1,Length(St0)-J); 
            J:=Pos(Chr(9),St0); 







            Channel:=Copy(St0,1,J-1); 
            FileName:=Path+Round+'_'+Channel+'.AHA' 
          end; 
        2:begin 
            ReadLn(Tf,Dummy); 
            St0:=Dummy; 
            J:=Pos(' ',St0); 
            Channel:=Copy(St0,1,J-1); 
            J:=Pos(Chr(9),St0); 
            St1:=Copy(St0,1,J-1); 
            St0:=Copy(St0,J+1,Length(St0)-J); 
            J:=Pos(Chr(9),St0); 
            St2:=Copy(St0,1,J-1); 
            Round:=St2; 
            St0:=Dummy; 
            Channel:=Copy(Channel,3,Length(Channel)-2); { 
Ch##  -> ## } 
            
FileName:=Path+Round+'\'+Round+'_'+Channel+'.AHA'; 
          end; 
        3:begin 
            ReadLn(Tf,Dummy); 
            St0:=Dummy; 
            J:=Pos(Chr($9),St0); 
            St1:=Copy(St0,J+1,Length(St0)-J); 
            AhaFile:=Copy(St0,1,J-1); 
            K:=Pos('.',AhaFile); 
            Channel:=Copy(AhaFile,K-1,1); 
            J:=Pos(Chr(9),St1); 
            Level:=Copy(St1,1,J-1); 
            St0:=Copy(St1,J+1,Length(St1)-J); 
            J:=Pos(Chr(9),St0); 
            Dist:=Copy(St0,1,J-1); 
            St1:=Copy(St0,J+1,Length(St0)-J); 
            J:=Pos(Chr(9),St0); 
            ModInt:=Copy(St1,1,J-1); 
            Write(OutFText,Dummy+#9); 
            Channel:=Copy(Channel,3,Length(Channel)-2); { 
Ch##  -> ## } 
            
{FileName:=Path+Round+'\'+Round+'_'+Channel+'.AHA';} 
            FileName:=Path+'Alb Files\'+AhaFile; 
          end 
        end; 
       { Write(OutFText,Round+#9+Channel+#9+Suffix+#9);} 
        OpenNewFileType5; 
        case HPDType of 
        1:begin 
          ModelNo:=1; 
          MemDelay1:=-50e-3; 
          Est_MemDelay:=Est+MemDelay1; 







          Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
          if Kr>0 then 
            Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
          else 
            Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
          Ex1:=Ex0; 
          Ex2:=Exp(-Dt/MemTimeConst); 
          CalculateHazard3; 
          ProgressBar2.StepIt; 
          Str(MaxHazard:1:1,Dstr); 
          Str(500/MaxHazard:1:1,Dstr1); 
          Write(OutFText,Dstr+#9+Dstr1+#9); 
          MemDelay1:=MemDelay; 
          Est_MemDelay:=Est+MemDelay1; 
          Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
          if Kr>0 then 
            Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
          else 
            Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
          Ex1:=Ex0; 
          Ex2:=Exp(-Dt/MemTimeConst); 
          CalculateHazard3; 
          ProgressBar2.StepIt; 
          Str(MaxHazard:1:1,Dstr); 
          Str(500/MaxHazard:1:1,Dstr1); 
          WriteLn(OutFText,Dstr+#9+Dstr1); 
          end; 
        2:begin 
          MinimumPhase2; 
          ModelNo:=3; 
          MemDelay1:=-50e-3; 
          Est_MemDelay:=Est+MemDelay1; 
          Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
          if Kr>0 then 
            Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
          else 
            Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
          Ex1:=Ex0; 
          Ex2:=Exp(-Dt/MemTimeConst); 
          CalculateHazard3; 
          ProgressBar1.StepIt; 
          Str(MaxHazard:1:1,Dstr); 
          Str(500/MaxHazard:1:1,Dstr1); 
          Write(OutFText,Dstr+#9+Dstr1+#9); 
          MemDelay1:=MemDelay; 
          Est_MemDelay:=Est+MemDelay1; 
          Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
          if Kr>0 then 







            Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
          else 
            Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
          Ex1:=Ex0; 
          Ex2:=Exp(-Dt/MemTimeConst); 
          CalculateHazard3; 
          ProgressBar2.StepIt; 
          Str(MaxHazard:1:1,Dstr); 
          Str(500/MaxHazard:1:1,Dstr1); 
          WriteLn(OutFText,Dstr+#9+Dstr1); 
          end; 
        3:begin 
          MinimumPhase2; 
          ModelNo:=3; 
          MemDelay1:=-50e-3; 
          Est_MemDelay:=Est+MemDelay1; 
          Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
          if Kr>0 then 
            Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
          else 
            Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
          Ex1:=Ex0; 
          Ex2:=Exp(-Dt/MemTimeConst); 
          CalculateHazard3; 
          ProgressBar2.StepIt; 
          Str(MaxHazard:1:1,Dstr); 
          Str(500/MaxHazard:1:1,Dstr1); 
          Write(OutFText,Dstr+#9+Dstr1+#9); 
          MemDelay1:=MemDelay; 
          Est_MemDelay:=Est+MemDelay1; 
          Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
          if Kr>0 then 
            Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
          else 
            Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
          Ex1:=Ex0; 
          Ex2:=Exp(-Dt/MemTimeConst); 
          CalculateHazard3; 
          ProgressBar2.StepIt; 
          Str(MaxHazard:1:1,Dstr); 
          Str(500/MaxHazard:1:1,Dstr1); 
          WriteLn(OutFText,Dstr+#9+Dstr1); 
          end; 
        4:begin 
          {ModelNo:=2; } 
          MemDelay1:=-50e-3; 
          Est_MemDelay:=Est+MemDelay1; 
          Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
          if Kr>0 then 







            Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
          else 
            Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
          Ex1:=Ex0; 
          Ex2:=Exp(-Dt/MemTimeConst); 
          CalculateHazard2{3}; 
          ProgressBar2.StepIt; 
          Str(MaxHazard:1:1,Dstr); 
          Str(10*log10(MaxHazard/500):2:2,Dstr1); 
          Write(OutFText,Dstr1+#9{+Dstr1+#9}); 
          MemDelay1:=MemDelay; 
          Est_MemDelay:=Est+MemDelay1; 
          Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
          if Kr>0 then 
            Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
          else 
            Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
          Ex1:=Ex0; 
          Ex2:=Exp(-Dt/MemTimeConst); 
          CalculateHazard2{3}; 
          ProgressBar2.StepIt; 
          Str(MaxHazard:1:1,Dstr); 
          Str(10*log10(MaxHazard/500):2:2,Dstr1); 
          WriteLn(OutFText,Dstr1{+#9+Dstr1}); 
          end; 
        end; 
      end; { Script } 
     { Dispose(Ma);} 
      CloseFile(Tf); 
      CloseFile(OutFText); 
      ProgressBar2.Visible:=False; 
      RestoreForm; 
     { ReleaseForm;} 
    end; { input dialog } 
  end; { script ok } 
end; 
 
procedure TForm1.folder1Click(Sender: TObject); 
var 
  
St0,St2,St3,Path,Dummy,Round,Channel,FName,Suffix,HPDPath: 
string; 
  Jb1,Jee,Jp,h,w,Success,Flen : integer; 
  Ta,Tb,Ja1,Ja2,Y1,Y1o,Lp,Ymx,Ymn : single; 
  SearchRec  : TSearchRec; 
begin 
{    ClearCanvas;} 
    OverlayColor:=1; 
    SaveForm; 







    OpenDialog1.FileName:='Choose Folder and any one of the 
AHA files'; 
    OpenDialog1.InitialDir:=AhaahDirectory; 
    OpenDialog1.Filter:='Pooled AHA files|*.AHA'; 
    if OpenDialog1.Execute then begin 
      RestoreForm; 
      GetDir(0,CurrentDirectory); 
      Path:=ExtractFilePath(OpenDialog1.Filename); 
      St0:='Calculation using pressure:'+Crlf; 
      St0:=St0+'1. in free-field (location 1)'+CrLf; 
      St0:=St0+'2. canal entrance (location 2)'+CRLF; 
      St0:=St0+'3. eardrum    (location 3)'+CRLF; 
      St0:=St0+'4. predicted under muff with REAT-MP 
model'+CrLf; 
      St0:=St0+'5. predicted under earplug REAT-MP model'; 
      MessageDlg(St0,mtInformation,[mbok],0);  RestoreForm; 
      HPDType:=1; 
      GetNumI('Type of calculation',1,5,HPDType); 
RestoreForm; 
      Nsd:=1; 
      Kangle:=5; 
      Case HPDType of 
      1:begin 
          Suffix:='FF'; 
          ModelNo:=1; 
        end; 
      2:begin 
          Suffix:='CE'; 
          ModelNo:=2; 
        end; 
      3:begin 
          Suffix:='ED'; 
          ModelNo:=3; 
        end; 
      4:begin 
          
OpenDialog1.InitialDir:=AhaahDirectory+'\DAT\HPD_BATCH'; 
          OpenDialog1.Filter:='HPD files|*.HPD|All 
Files|*.*'; 
          if OpenDialog1.Execute then begin 
            RestoreForm; 
            HPDFile:=ExtractFileName(OpenDialog1.Filename); 
            HPDPath:=ExtractFilePath(OpenDialog1.Filename); 
          end; 
          ProtectorType:=HPDType; 
          GetNumI('Angle of incidence, Theta (x 18 deg)" 
',0,19,Kangle);  RestoreForm; 
          GetNumR('Derate mean by Nsd st dev" ',-5,5,Nsd);  
RestoreForm; 
          FileName:=HPDFile; 
          Flen:=pos('.',FileName); 
          if Flen>0 then SetLength(FileName,Flen-1); 







          Suffix:=FileName; 
          HPDFile:=HPDPath+HPDFile; 
        end; 
      5:begin 
          
OpenDialog1.InitialDir:=AhaahDirectory+'\DAT\HPD_BATCH'; 
          OpenDialog1.Filter:='HPD files|*.HPD|All 
Files|*.*'; 
          OpenDialog1.FileName:=''; 
          if OpenDialog1.Execute then begin 
            RestoreForm; 
            HPDFile:=ExtractFileName(OpenDialog1.Filename); 
            HPDPath:=ExtractFilePath(OpenDialog1.Filename); 
          end; 
          GetNumI('Angle of incidence, Theta (x 18 deg)" 
',0,19,Kangle);  RestoreForm; 
          GetNumR('Derate mean by Nsd st dev" ',-5,5,Nsd);  
RestoreForm; 
          ProtectorType:=HPDType; 
          FileName:=HPDFile; 
          Flen:=pos('.',FileName); 
          if Flen>0 then SetLength(FileName,Flen-1); 
          Suffix:=FileName; 
          HPDFile:=HPDPath+HPDFile; 
        end; 
      end; 
      FName:='Aha Folder'; 
      FName:=FName+'_'+Suffix+'.txt'; 
{      AssignFile(OutFText,Path+FName);} 
      AssignFile(OutFText,AhaahDirectory+'\'+FName); 
      Rewrite(OutFText); 
 
      Case HPDType of 
      1: begin 
         
St0:='Waveform'+#9+'Location'+#9+'LAeq8hr'+#9+'Na'+#9+'Lp'+
#9+'Ta'+#9; 
         
St0:=St0+'Tb'+#9+'Nsingle'+#9+'Ndouble'+#9+'ARU(W)'+#9+'ANR
(W)'+#9+'ARU(U)'+#9+'ANR(U)'; 
         end; 
      2: begin 
         
St0:='Waveform'+#9+'Location'+#9+'LAeq8hr'+#9+'Na'+#9+'Lp'+
#9; 
         
St0:=St0+'ARU(W)'+#9+'ANR(W)'+#9+'ARU(U)'+#9+'ANR(U)'; 
         end; 
      3: begin 







         
St0:='Waveform'+#9+'Location'+#9+'LAeq8hr'+#9+'Na'+#9+'Lp'+
#9; 
         
St0:=St0+'ARU(W)'+#9+'ANR(W)'+#9+'ARU(U)'+#9+'ANR(U)'; 
         end; 
      4: begin 
         St0:='Waveform'+#9+'HPD'+#9+'Angle'+#9+'Nsd'+#9; 
         
St0:=St0+'FF:Elin'+#9+'EC'+#9+'EA'+#9+'PPL'+#9+'HPD:Elin'+#
9+'EC'+#9+'EA'; 
         
St0:=St0+#9+'PPL'+#9+'ANR(A)'+#9+'ARU(W)'+#9+'ANR(W)'+#9+'A
RU(U)'+#9+'ANR(U)'; 
         end; 
      5: begin 
         St0:='Waveform'+#9+'HPD'+#9+'Angle'+#9+'Nsd'+#9; 
         
St0:=St0+'FF:Elin'+#9+'EC'+#9+'EA'+#9+'PPL'+#9+'HPD:Elin'+#
9+'EC'+#9+'EA'; 
         
St0:=St0+#9+'PPL'+#9+'ANR(A)'+#9+'ARU(W)'+#9+'ANR(W)'+#9+'A
RU(U)'+#9+'ANR(U)'; 
         end; 
      end; 
      WriteLn(OutFText,St0); 
      FName:=Path+'*.AHA'; 
      Code:=SysUtils.FindFirst(FName,faAnyFile,SearchRec); 
      K:=0; 
      repeat Inc(K) until SysUtils.FindNext(SearchRec)<>0; 
      SysUtils.FindClose(SearchRec); 
 
      h:=Form1.ClientHeight; 
      w:=Form1.ClientWidth; 
      h1:=Trunc(0.03*h); 
      w1:=Trunc(0.2*w); 
{      DrawFrontScreen;} 
      with ProgressBar1 do begin 
        Height:=h1; 
        Top:=h-Trunc(1.25*h1); 
        Width:=w1; 
        Left:=0;   {Round((w-w1)/2)} 
        Min:=0; 
        Max:=2*K; 
        Step:=1; 
        Position:=0; 
        {Visible:=True;} 
      end; 
      St:='Many AHA - one HPD from folder'; 
      LabelProgressBar; 
      Code:=SysUtils.FindFirst(FName,faAnyFile,SearchRec); 







     { New(Ma);} 
      repeat 
        Filename:=Path+SearchRec.Name; 
        Write(OutFText,SearchRec.Name+#9+Suffix+#9); 
        OpenNewFileType5; 
        if (HPDType=1) or (HPDType=2) or (HPDType=3) then 
begin 
          Ymx:=-1e6; 
          for J:=0 to SizeS1 do 
            if abs(Sig[J])>Ymx then begin 
              Ymx:=abs(Sig[J]); 
              Jp:=J 
            end; 
          Lp:=20*Ln(Ymx)/Ln(10)+94; 
          Str(Lp:6:2,Dstr4); 
 
          N:=Nn div 2; 
          F1:=1/(Nn*Dt); {Fmax:=N*F1; } 
 
          New(Xr); New(Xi); 
          for J:=1 to N do begin Xr^[J]:=0; Xi^[J]:=0 end; 
          for J:=0 to SizeS1  do begin 
            K:=1 + J div 2; 
            if not odd(J) then 
              Xr^[K]:=Sig[J] 
            else 
              Xi^[K]:=Sig[J]; 
          end; 
          ForwardFft(N,Dt,Xr,Xi); 
          ACWeightSetup; 
          Eawt:=0; 
          for J:=1 to N+1 do begin 
            ACWeight(F1*(J-1),ReA,ImA,ReC,ImC); 
            Temp:=Xr^[J]*ReA-Xi^[J]*ImA; 
            Xi^[J]:=Xr^[J]*ImA+Xi^[J]*ReA; 
            Xr^[J]:=Temp; 
            if (J=1) or (J=N+1) then 
              Eawt:=Eawt+Sqr(Xr^[J])+Sqr(Xi^[J]) 
            else 
              Eawt:=Eawt+2*(Sqr(Xr^[J])+Sqr(Xi^[J])); 
          end; 
          Temp:=Eawt*F1; 
          RhoC:=415; { mks rayls characteristic impedance air 
@ 22 deg C and 751 mmHg p 11 Beranek } 
          Eawt3:=Eawt*F1/RhoC; 
          Eawt:= 10*Log10(Temp/28800)+94; 
          Na:=Exp(Ln(2)*(85-Eawt)/3); 
          Dispose(Xr); Dispose(Xi); 
          Str(Eawt:6:2,St); 
          Str(Na:3:3,St1); 
          Write(OutFText,St+#9+St1+#9); 







          if HPDType=1 then begin 
            Y1:=0.1*Ymx; 
            for J:=Jp downto 0 do if  abs(Sig[J])>=Y1 then 
Jb1:=J; 
            for J:=Jp to SizeS1 do if abs(Sig[J])>=Y1 then 
Jee:=J; 
            Jb1:=Jee; 
            J:=0; 
            repeat Inc(J)until abs(Sig[J])>0.1*Ymx; 
            Ja1:=(J+(0.1*Ymx-Sig[J])/(Sig[J]-Sig[J-1])); 
            Y1:=Sig[J]; 
            repeat 
              Y1o:=Y1; 
              Inc(J); 
              Y1:=Sig[J]; 
            until Y1*Y1o<=0; 
            Ja2:=(J-Y1/(Y1-Y1o)); 
            Ta:=(Ja2-Ja1)*Dt*1e3; 
            Tb:=(Jb1-Ja1)*Dt*1e3; 
            if Tb<=200 then 
              
Nsingle:=Exp(Ln(200/Tb)*(2*ln(10)/(5*ln(2)))+((177-
Lp)/5)*Ln(10)) 
            else 
              
Nsingle:=Exp(Ln(200/200)*(2*ln(10)/(5*ln(2)))+((177-
Lp)/5)*Ln(10)); 
            Str(Ta:3:3,Dstr); 
            Str(Tb:1:1,Dstr1); 
            Str(Nsingle:1:1,Dstr2); 
            Str(20*Nsingle:1:1,Dstr3); 
          end; 
          if HPDType=1 then 
            
Write(OutFText,Dstr4+#9+Dstr+#9+Dstr1+#9+Dstr2+#9+Dstr3+#9) 
          else 
            Write(OutFText,Dstr4+#9); 
 
          MemDelay1:=-50e-3; 
          Est_MemDelay:=Est+MemDelay1; 
          Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
          if Kr>0 then 
            Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
          else 
            Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
          Ex1:=Ex0; 
          Ex2:=Exp(-Dt/MemTimeConst); 
          CalculateHazard2; 
          ProgressBar1.StepIt; 
          Str(MaxHazard:1:1,Dstr); 







          Str(500/MaxHazard:1:1,Dstr1); 
          Write(OutFText,Dstr+#9+Dstr1+#9); 
          MemDelay1:=MemDelay; 
          Est_MemDelay:=Est+MemDelay1; 
          Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
          if Kr>0 then 
            Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
          else 
            Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
          Ex1:=Ex0; 
          Ex2:=Exp(-Dt/MemTimeConst); 
          CalculateHazard2; 
          ProgressBar1.StepIt; 
          Str(MaxHazard:1:1,Dstr); 
          Str(500/MaxHazard:1:1,Dstr1); 
          WriteLn(OutFText,Dstr+#9+Dstr1); 
        end else if HPDType=4 then begin 
          Write(OutFText,SearchRec.Name+#9+Suffix+#9); 
          MinimumPhase2; 
          ModelNo:=3; 
          MemDelay1:=-50e-3; 
          Est_MemDelay:=Est+MemDelay1; 
          Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
          if Kr>0 then 
            Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
          else 
            Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
          Ex1:=Ex0; 
          Ex2:=Exp(-Dt/MemTimeConst); 
          CalculateHazard3; 
          ProgressBar1.StepIt; 
          Str(MaxHazard:1:1,Dstr); 
          Str(500/MaxHazard:1:1,Dstr1); 
          Write(OutFText,Dstr+#9+Dstr1+#9); 
          MemDelay1:=MemDelay; 
          Est_MemDelay:=Est+MemDelay1; 
          Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
          if Kr>0 then 
            Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
          else 
            Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
          Ex1:=Ex0; 
          Ex2:=Exp(-Dt/MemTimeConst); 
          CalculateHazard3; 
          ProgressBar1.StepIt; 
          Str(MaxHazard:1:1,Dstr); 
          Str(500/MaxHazard:1:1,Dstr1); 
          WriteLn(OutFText,Dstr+#9+Dstr1); 
        end else if HPDType=5 then begin 







          MinimumPhase2; 
          ModelNo:=3; 
          MemDelay1:=-50e-3; 
          Est_MemDelay:=Est+MemDelay1; 
          Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
          if Kr>0 then 
            Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
          else 
            Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
          Ex1:=Ex0; 
          Ex2:=Exp(-Dt/MemTimeConst); 
          CalculateHazard3; 
          ProgressBar1.StepIt; 
          Str(MaxHazard:1:1,Dstr); 
          Str(500/MaxHazard:1:1,Dstr1); 
          Write(OutFText,Dstr+#9+Dstr1+#9); 
          MemDelay1:=MemDelay; 
          Est_MemDelay:=Est+MemDelay1; 
          Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
          if Kr>0 then 
            Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
          else 
            Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
          Ex1:=Ex0; 
          Ex2:=Exp(-Dt/MemTimeConst); 
          CalculateHazard3; 
          ProgressBar1.StepIt; 
          Str(MaxHazard:1:1,Dstr); 
          Str(500/MaxHazard:1:1,Dstr1); 
          WriteLn(OutFText,Dstr+#9+Dstr1); 
        end; 
      until SysUtils.FindNext(SearchRec)<>0; 
     { Dispose(Ma); } 
      CloseFile(OutFText); 
      SysUtils.FindClose(SearchRec); 
      ProgressBar1.Visible:=False; 
      RestoreForm; 
     { ReleaseForm;} 
    end; 
end; 
 
procedure TForm1.N31Click(Sender: TObject); 
var 
  St0,St1,St2,Path,HPDPath,FName,AHAName,HPDname: string; 
  SearchRec  : TSearchRec; 
  h,w,Flen : integer; 
begin 
{    ClearCanvas;}                     







{    OpenDialog1.FileName:='Choose Folder and any AHA file to 
start';} 
    SaveForm; 
    OpenDialog1.InitialDir:=AhaahDirectory; 
    OpenDialog1.FileName:='Choose Folder and any AHA file'; 
    OpenDialog1.Filter:='AHA files|*.AHA'; 
    if OpenDialog1.Execute then begin 
      RestoreForm; 
      Path:=ExtractFilePath(OpenDialog1.Filename); 
      FileName:=ExtractFileName(OpenDialog1.Filename); 
    end; 
    St0:='Calculation using pressure:'+Crlf; 
    St0:=St0+'2. predicted under muff with REAT-MP 
model'+CrLf; 
    St0:=St0+'3. predicted under earplug REAT-MP model'; 
    MessageDlg(St0,mtInformation,[mbok],0);    RestoreForm; 
    HPDType:=3; 
    GetNumI('Type of calculation',2,3,HPDType);RestoreForm; 
    OpenDialog1.InitialDir:=AhaahDirectory; 
    OpenDialog1.FileName:='Choose Folder and any HPD files to 
start'; 
    OpenDialog1.Filter:='HPD files|*.HPD'; 
    if OpenDialog1.Execute then begin 
      RestoreForm; 
      HPDFile:=ExtractFileName(OpenDialog1.Filename); 
      HPDPath:=ExtractFilePath(OpenDialog1.Filename); 
    end; 
    ProtectorType:=HPDType; 
    FName:=FileName; 
    Flen:=pos('.',FileName); 
    if Flen>0 then SetLength(FName,Flen-1); 
    AHAName:=FName; 
    FName:=AhaahDirectory+'\'+AHAName+'_'+'MultiHPD.txt'; 
    AssignFile(OutFText,FName); 
    Rewrite(OutFText); 
    FName:=HPDPath+'*.HPD'; 
    Code:=SysUtils.FindFirst(FName,faAnyFile,SearchRec); 
    K:=0; 
    repeat Inc(K) until SysUtils.FindNext(SearchRec)<>0; 
    SysUtils.FindClose(SearchRec); 
    h:=Form1.ClientHeight; 
    w:=Form1.ClientWidth; 
    h1:=Trunc(0.03*h); 
    w1:=Trunc(0.2*w); 
{    DrawFrontScreen;} 
    with ProgressBar1 do begin 
      Height:=h1; 
      Top:=h-Trunc(1.25*h1); 
      Width:=w1; 
      Left:=0;   {Round((w-w1)/2)} 
      Max:=2*K; 
      Step:=1; 







      Position:=0; 
      Visible:=True; 
    end; 
    Code:=SysUtils.FindFirst(FName,faAnyFile,SearchRec); 
    K:=0; 
   { New(Ma);} 
    FileName:=Path+FileName; 
    Nsd:=1; 
    Kangle:=5; 
    GetNumI('Angle of incidence, Theta (x 18 deg)" 
',0,19,Kangle);  RestoreForm; 
    Str(Kangle*18:0,St1); 
    GetNumR('Derate mean by Nsd st dev" ',-5,5,Nsd);  
RestoreForm; 
    Str(Nsd:2:2,St2); 
    St:='One AHA - Many HPDs'; 
    LabelProgressBar; 
    St0:='Waveform'+#9+'HPD'+#9+'Angle'+#9+'Nsd'+#9; 
    
St0:=St0+'FF:Elin'+#9+'EC'+#9+'EA'+#9+'PPL'+#9+'HPD:Elin'+#
9+'EC'+#9+'EA'; 
    
St0:=St0+#9+'PPL'+#9+'ANR(A)'+#9+'ARU(W)'+#9+'ANR(W)'+#9+'A
RU(U)'+#9+'ANR(U)'; 
    WriteLn(OutFText,St0); 
    repeat 
      for J:=0 to SbufSize do Sig[J]:=0; 
      HPDFile:=HPDPath+SearchRec.Name; 
      HPDName:=SearchRec.Name; 
      Flen:=pos('.',HPDName); 
      if Flen>0 then SetLength(HPDName,Flen-1); 
      Write(OutFText,AHAName+#9+HPDName+#9); 
      OpenNewFileType5; 
      case HPDType of 
      2:begin 
        ProtectorType:=HPDType; 
        MinimumPhase2; 
        ModelNo:=2; 
        MemDelay1:=-50e-3; 
        Est_MemDelay:=Est+MemDelay1; 
        Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
        if Kr>0 then 
          Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
        else 
          Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
        Ex1:=Ex0; 
        Ex2:=Exp(-Dt/MemTimeConst); 
        CalculateHazard3; 
        ProgressBar1.StepIt; 
        Str(MaxHazard:1:1,Dstr); 
        Str(500/MaxHazard:1:1,Dstr1); 







        Write(OutFText,Dstr+#9+Dstr1+#9); 
        MemDelay1:=MemDelay; 
        Est_MemDelay:=Est+MemDelay1; 
        Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
        if Kr>0 then 
          Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
        else 
          Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
        Ex1:=Ex0; 
        Ex2:=Exp(-Dt/MemTimeConst); 
        CalculateHazard3; 
        ProgressBar1.StepIt; 
        Str(MaxHazard:1:1,Dstr); 
        Str(500/MaxHazard:1:1,Dstr1); 
        WriteLn(OutFText,Dstr+#9+Dstr1); 
        end; 
      3:begin 
        ProtectorType:=HPDType; 
        MinimumPhase2; 
        ModelNo:=3; 
        MemDelay1:=-50e-3; 
        Est_MemDelay:=Est+MemDelay1; 
        Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
        if Kr>0 then 
          Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
        else 
          Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
        Ex1:=Ex0; 
        Ex2:=Exp(-Dt/MemTimeConst); 
        CalculateHazard3; 
        ProgressBar1.StepIt; 
        Str(MaxHazard:1:1,Dstr); 
        Str(500/MaxHazard:1:1,Dstr1); 
        Write(OutFText,Dstr+#9+Dstr1+#9); 
        MemDelay1:=MemDelay; 
        Est_MemDelay:=Est+MemDelay1; 
        Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
        if Kr>0 then 
          Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
        else 
          Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
        Ex1:=Ex0; 
        Ex2:=Exp(-Dt/MemTimeConst); 
        CalculateHazard3; 
        ProgressBar1.StepIt; 
        Str(MaxHazard:1:1,Dstr); 
        Str(500/MaxHazard:1:1,Dstr1); 
        WriteLn(OutFText,Dstr+#9+Dstr1); 
        end; 







      end; 
    until SysUtils.FindNext(SearchRec)<>0; 
   { Dispose(Ma);} 
    CloseFile(OutFText); 
    SysUtils.FindClose(SearchRec); 
    ProgressBar1.Visible:=False; 
    RestoreForm; 
   { ReleaseForm;} 
end; 
 
procedure TForm1.N81Click(Sender: TObject); 
var 
  Path,HPDPath,FName,AHAName,HPDname,St0: string; 
  SearchRec  : TSearchRec; 
  h,w,Flen : integer; 
begin 
{    ClearCanvas; } 
    SaveForm; 
    OpenDialog1.InitialDir:=AhaahDirectory; 
    OpenDialog1.FileName:='Choose Folder and any AHA file'; 
    OpenDialog1.Filter:='AHA files|*.AHA'; 
    if OpenDialog1.Execute then begin 
      RestoreForm; 
      Path:=ExtractFilePath(OpenDialog1.Filename); 
      FileName:=ExtractFileName(OpenDialog1.Filename); 
    end; 
    HPDType:=3; 
    GetNumI('Type of calculation',2,3,HPDType);    
RestoreForm; 
    OpenDialog1.InitialDir:=AhaahDirectory; 
    OpenDialog1.FileName:='Choose Folder and any HPD files to 
start'; 
    OpenDialog1.Filter:='HPD files|*.HPD'; 
    if OpenDialog1.Execute then begin 
      RestoreForm; 
      HPDFile:=ExtractFileName(OpenDialog1.Filename); 
      HPDPath:=ExtractFilePath(OpenDialog1.Filename); 
    end; 
    ProtectorType:=HPDType; 
    FName:=FileName; 
    Flen:=pos('.',FileName); 
    if Flen>0 then SetLength(FName,Flen-1); 
    AHAName:=FName; 
    FName:=HPDFile; 
    Flen:=pos('.',FName); 
    if Flen>0 then SetLength(FName,Flen-1); 
    HPDName:=FName; 
    FName:=AHAName+'_'+HPDName+'_'+'MultiAngle.txt'; 
{    AssignFile(OutFText,Path+FName); } 
    AssignFile(OutFText,AhaahDirectory+'\'+FName); 
    Rewrite(OutFText); 







    St0:='Waveform'+#9+'HPD'+#9+'Angle'+#9+'Nsd'+#9; 
    
St0:=St0+'FF:Elin'+#9+'EC'+#9+'EA'+#9+'PPL'+#9+'HPD:Elin'+#
9+'EC'+#9+'EA'; 
    
St0:=St0+#9+'PPL'+#9+'ANR(A)'+#9+'ARU(W)'+#9+'ANR(W)'+#9+'A
RU(U)'+#9+'ANR(U)'; 
    WriteLn(OutFText,St0); 
    HPDFile:=HPDPath+HPDFile; 
 
    h:=Form1.ClientHeight; 
    w:=Form1.ClientWidth; 
    h1:=Trunc(0.03*h); 
    w1:=Trunc(0.2*w); 
{    DrawFrontScreen;} 
    with ProgressBar1 do begin 
      Height:=h1; 
      Top:=h-Trunc(1.25*h1); 
      Width:=w1; 
      Left:=0;   {Round((w-w1)/2)} 
      Max:=2*20; 
      Step:=1; 
      Position:=0; 
      Visible:=True; 
    end; 
   { New(Ma);} 
    FileName:=Path+FileName; 
    Nsd:=1; 
    GetNumR('Derate mean by Nsd st dev" ',-5,5,Nsd);  
RestoreForm; 
    St:='One AHA - One HPD - All Angles'; 
    LabelProgressBar; 
    for KAngle:=0 to 19 do begin 
     { Str(Kangle*18:0,Dstr);} 
      Write(OutFText,AHAName+#9+HPDName+#9{+Dstr+#9}); 
      OpenNewFileType5; 
      case HPDType of 
      2:begin 
        ProtectorType:=HPDType; 
        MinimumPhase2; 
        ModelNo:=2; 
        MemDelay1:=-50e-3; 
        Est_MemDelay:=Est+MemDelay1; 
        Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
        if Kr>0 then 
          Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
        else 
          Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
        Ex1:=Ex0; 
        Ex2:=Exp(-Dt/MemTimeConst); 







        CalculateHazard3; 
        ProgressBar1.StepIt; 
        Str(MaxHazard:1:1,Dstr); 
        Str(500/MaxHazard:1:1,Dstr1); 
        Write(OutFText,Dstr+#9+Dstr1+#9); 
        MemDelay1:=MemDelay; 
        Est_MemDelay:=Est+MemDelay1; 
        Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
        if Kr>0 then 
          Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
        else 
          Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
        Ex1:=Ex0; 
        Ex2:=Exp(-Dt/MemTimeConst); 
        CalculateHazard3; 
        ProgressBar1.StepIt; 
        Str(MaxHazard:1:1,Dstr); 
        Str(500/MaxHazard:1:1,Dstr1); 
        WriteLn(OutFText,Dstr+#9+Dstr1); 
        end; 
      3:begin 
        ProtectorType:=HPDType; 
        MinimumPhase2; 
        ModelNo:=3; 
        MemDelay1:=-50e-3; 
        Est_MemDelay:=Est+MemDelay1; 
        Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
        if Kr>0 then 
          Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
        else 
          Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
        Ex1:=Ex0; 
        Ex2:=Exp(-Dt/MemTimeConst); 
        CalculateHazard3; 
        ProgressBar1.StepIt; 
        Str(MaxHazard:1:1,Dstr); 
        Str(500/MaxHazard:1:1,Dstr1); 
        Write(OutFText,Dstr+#9+Dstr1+#9); 
        MemDelay1:=MemDelay; 
        Est_MemDelay:=Est+MemDelay1; 
        Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
        if Kr>0 then 
          Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
        else 
          Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
        Ex1:=Ex0; 
        Ex2:=Exp(-Dt/MemTimeConst); 
        CalculateHazard3; 
        ProgressBar1.StepIt; 







        Str(MaxHazard:1:1,Dstr); 
        Str(500/MaxHazard:1:1,Dstr1); 
        WriteLn(OutFText,Dstr+#9+Dstr1); 
        end; 
      end; 
    end; 
   { Dispose(Ma); } 
    CloseFile(OutFText); 
    ProgressBar1.Visible:=False; 
    RestoreForm; 
end; 
 
 
procedure TForm1.script2Click(Sender: TObject); 
var 
  
Path,Dummy,St0,St1,St2,St3,Round,Channel,Name,Name2,Charge,
Zone,QE,Temp,FName: string; 
  Ysum,Lp,EstStartThreshFactor : single; 
  SearchRec  : TSearchRec; 
  I,Jb1,Attributes,Flen,Success,h,w,SizeS1Hold,u : integer; 
  FirstTime: boolean; 
  begin 
  Font.Color:=clRed; {clFuchsia;} 
  Font.Name:='Times New Roman'; 
  Font.Style:=[fsBold,fsItalic]; 
  Font.Size:=12; 
  RestoreForm; 
  FirstTime:=True; 
  EstStartThreshFactor:=0.25; 
{  ClearCanvas;} 
  SaveForm; 
  St0:='Types of scripts:'+Crlf; 
  St0:=St0+'0. No script'+CrLf; 
  St0:=St0+'1. Aberdeen Test Center'+CrLf; 
  St0:=St0+'2. Yuma Proving Ground'+CrLf; 
  St0:=St0+'3. ATC Small Arms'; 
  MessageDlg(St0,mtInformation,[mbok],0);   RestoreForm; 
  ScriptType:=3; 
  GetNumI('Type of script',0,3,ScriptType); RestoreForm; 
  if ScriptType=2 then begin 
    SampleRate:=200000; 
    GetNumR2('Sample rate in kHz',0,10000,3,SampleRate); 
RestoreForm; 
    Dt:=1/SampleRate; 
  end; 
  if ScriptType=3 then begin 
    SampleRate:=200000; 
    Dt:=1/SampleRate; 
  end; 
{  Path:=AhaahDirectory;} 







  if ScriptType<>0 then begin 
    OpenDialog1.Filter:='Script files|*.txt|All Files|*.*'; 
    if OpenDialog1.Execute then begin 
      RestoreForm; 
      GetDir(0,CurrentDirectory); 
      
FE:=ANSIUpperCase(ExtractFileExt(OpenDialog1.Filename)); 
      
FileName:=ANSIUpperCase(ExtractFileName(OpenDialog1.Filenam
e)); 
      Path:=ExtractFilePath(OpenDialog1.Filename); 
{      Attributes:=FileGetAttr(FileName); 
      Attributes:=Attributes and not (faReadOnly or 
faHidden); 
      Success:=FileSetAttr(FileName,Attributes); 
      Application.processmessages; 
      FName:=FileName; 
      Flen:=pos('.',FileName); 
      if Flen>0 then SetLength(FName,Flen-1); 
      FileName:=FName+'.AHA'; 
      Form1.Caption:='AHAAH INTENSE SOUND HAZARD BATCH 
ANALYSIS OF: '+FName; 
} 
      AssignFile(Tf,Path+FileName); 
      Reset(Tf); 
      K:=0; 
      while not EOF(Tf) do begin 
        ReadLn(Tf,Dummy); 
        Inc(K); 
      end; 
      Dec(K); 
      Reset(Tf); 
      ReadLn(Tf,Dummy); 
      if ScriptType=3 then ReadLn(Tf,Dummy); 
 
      h:=Form1.ClientHeight; 
      w:=Form1.ClientWidth; 
      h1:=Trunc(0.03*h); 
      w1:=Trunc(0.2*w); 
 
 
{      DrawFrontScreen;} 
      with ProgressBar1 do begin 
        Height:=h1; 
        Top:=h-Trunc(1.25*h1); 
        Width:=w1; 
        Left:=0;   {Round((w-w1)/2)} 
        Max:=K; 
        Step:=1; 
        Position:=0; 
        Visible:=True; 







      end; 
 
{      with Edit1 do begin 
        Height:=h1; 
        Top:=h-Trunc(1.25*h1); 
        Width:=Trunc(0.75*w1); 
        Left:=Trunc(1.1*w1); 
        Visible:=True; 
      end; 
} 
 
      while not EOF(Tf) do begin 
        case ScriptType of 
          1:begin 
            ReadLn(Tf,Dummy); 
            St0:=Dummy; 
            J:=Pos(Chr(9),St0); 
            Name:=Copy(St0,1,J-1); 
            St0:=Copy(St0,J+1,Length(St0)-J); 
            J:=Pos(Chr(9),St0); 
            Channel:=Copy(St0,1,J-1); 
            St0:=Copy(St0,J+1,Length(St0)-J); 
            J:=Pos(Chr(9),St0); 
           Name:=Copy(St0,1,J-1); 
            St0:=Copy(St0,J+1,Length(St0)-J); 
            J:=Pos(Chr(9),St0); 
            Charge:=Copy(St0,1,J-1); 
            St0:=Copy(St0,J+1,Length(St0)-J); 
            J:=Pos(Chr(9),St0); 
            Zone:=Copy(St0,1,J-1); 
            St0:=Copy(St0,J+1,Length(St0)-J); 
            J:=Pos(Chr(9),St0); 
            QE:=Copy(St0,1,J-1); 
            St0:=Copy(St0,J+1,Length(St0)-J); 
            {J:=Pos(Chr(9),St0);} 
            {Temp:=Copy(St0,1,J-1);} 
            Temp:=St0; 
            Fname:=Path+Round+'_'+Channel 
          end; 
        2:begin 
            ReadLn(Tf,Dummy); 
            St0:=Dummy; 
            J:=Pos(' ',St0); 
            Channel:=Copy(St0,1,J-1); 
            J:=Pos(Chr(9),St0); 
            St1:=Copy(St0,1,J-1); {Round #} 
            St0:=Copy(St0,J+1,Length(St0)-J); 
            J:=Pos(Chr(9),St0); 
            St2:=Copy(St0,1,J-1); {Description} 
            St0:=Copy(St0,J+1,Length(St0)-J); 
            St3:=St0;             { PPL dB } 







(*            J:=Pos(Chr(9),St0); 
            St3:=Copy(St0,1,J-1); {PPL} 
*) 
            val(St3,Lp,Code); 
            CalVal:=Exp((Lp-94)*Ln(10)/20); 
            Round:=St2; 
            St0:=Dummy; 
            Fname:=Path+Round+'\'+Channel+' *.bin'; 
            
Success:=SysUtils.FindFirst(Fname,faAnyFile,SearchRec); 
            Fname:=Path+Round+'\'+SearchRec.Name; 
            Channel:=Copy(Channel,3,Length(Channel)-2) { 
Ch##  -> ## } 
          end; 
        3:begin 
            ReadLn(Tf,Dummy); 
            St0:=Dummy; 
            J:=Pos(Chr(9),St0); 
            Name:=Copy(St0,1,J-1); 
            St0:=Copy(St0,J+1,Length(St0)-J); 
            J:=Pos(Chr(9),St0); 
            Channel:=Copy(St0,1,J-1); 
            St0:=Copy(St0,J+1,Length(St0)-J); 
            val(St0,CalVal,Code); 
 
            J:=Pos(Chr(9),St0); 
{ 
            Name:=Copy(St0,1,J-1); 
            St0:=Copy(St0,J+1,Length(St0)-J); 
            J:=Pos(Chr(9),St0); 
            Charge:=Copy(St0,1,J-1); 
            St0:=Copy(St0,J+1,Length(St0)-J); 
            J:=Pos(Chr(9),St0); 
            Zone:=Copy(St0,1,J-1); 
            St0:=Copy(St0,J+1,Length(St0)-J); 
            J:=Pos(Chr(9),St0); 
            QE:=Copy(St0,1,J-1); 
            St0:=Copy(St0,J+1,Length(St0)-J); 
}             
            {J:=Pos(Chr(9),St0);} 
            {Temp:=Copy(St0,1,J-1);} 
            Temp:=St0; 
            Name2:=Name; 
            Flen:=pos('.',Name2); 
            if Flen>0 then SetLength(Name2,Flen-1); 
            Fname:=Path+Name; 
        end; 
        end; 
        Attributes:=FileGetAttr(FName); 
        Attributes:=Attributes and not faReadonly; 
        Success:=FileSetAttr(FName,Attributes); 







        Application.processmessages; 
        AssignFile(InF,FName); 
        Reset(InF,1); 
        Size:=FileSize(InF);             { size in bytes } 
        GetMem(ByteBuffer,Size);         { temporary byte 
buffer } 
        BlockRead(InF,ByteBuffer^,Size); { fast unformatted 
byte read } 
        p:=ByteBuffer; 
        CloseFile(InF); 
        case ScriptType of 
          1:begin 
            J:=LookFor('Channel number:'); 
            St0:=GetString(J); 
            Comment:=GetString(J); 
            J:=LookFor('Sampling rate:'); 
            SampleRate:=GetNumber(J); 
            Dt:=1/SampleRate; 
            J:=LookFor('Scale factor:'); 
            CalVal:=GetNumber(J); { kPa/count } 
            CalVal:=CalVal*1e3;   { Pa/count } 
            J:=LookFor('Plot Label:'); 
            VertLabel:=GetString(J); 
            J:=LookFor('Ext Gain:'); 
            St0:=GetString(J); 
            K:=0; 
            Done:=False; 
            repeat 
              while p^[J] in [$20,$D,$A] do Inc(J); 
              if J>=Size then 
                Done:=True; 
              St0:=''; 
              if not Done then begin 
                while not(p^[J] in [$20,$D,$A]) do begin 
                  St0:=St0+char(p^[J]); 
                  Inc(J); 
                end; 
                val(St0,Sig[K],Code); 
                Inc(K); 
              end; 
            until Done; 
            SizeS1:=K-1; 
            St0:='Round '+Round+'_'+Channel+', '+Name+', 
Charge '+Charge+'/'+Zone+', QE '+QE+', Temp '+Temp+' F'; 
            end; 
          2:begin 
            J:=0; 
            SizeS1:=Size div 2 - 1; 
            for I:=0 to SizeS1 do begin 
              pbb:=@(p^[J]); Sbyte:=pbb^; J:=J+1; 
              pbb:=@(p^[J]); Sbyte1:=pbb^; J:=J+1; 
              Smi:=Sbyte*256+sbyte1; 







              Sig[I]:=Smi; 
            end; 
            St0:='Round '+Round+'_'+Channel; 
            end; 
          3:begin 
            J:=LookFor('Sec'); 
{            J:=0; } 
            St0:=GetString(J); 
            K:=0; Kk:=0; 
            Done:=False; 
            repeat 
              while p^[J] in [$9,$20,$D,$A] do Inc(J); 
              if J>=Size then 
                Done:=True; 
              St0:=''; 
              if not Done then begin 
                while not(p^[J] in [$9,$20,$D,$A]) do begin 
                  St0:=St0+char(p^[J]); 
                  Inc(J); 
                end; 
                Kk:=K div 2; 
                if not Odd(K) then val(St0,Sig[Kk],Code); 
                Inc(K); 
              end; 
            until Done; 
            SizeS1:=K-1; 
          {  St0:='Round '+Round+'_'+Channel+', '+Name+', 
Charge '+Charge+'/'+Zone+', QE '+QE+', Temp '+Temp+' F';} 
            end; 
        end; {case} 
        FreeMem(ByteBuffer); 
        if FirstTime then begin 
          FirstTime:=False; 
          Size:=SizeS1+1; 
          GetNumI('Reduce to new file size from 
',1,Size,Size); RestoreForm; 
          N:=10; 
          GetNumI('Baseline points to average 
from',1,Size,N);  RestoreForm; 
          SizeS1:=Size-1; 
          GetNumR('Establish start threshold 
factor',0,1,EstStartThreshFactor); 
          RestoreForm; 
          SizeS1Hold:=SizeS1; 
        end 
        else begin 
          SizeS1:=SizeS1Hold; 
        end; 
        St:='Import many AHA files'; 
        LabelProgressBar; 
        Ysum:=0; 
        for I:=0 to N do Ysum:=Ysum+Sig[I]; 







        Ysum:=Ysum/(N+1); 
        for I:=0 to SizeS1 do 
          Sig[I]:=Sig[I]-Ysum; 
        if ScriptType=2 then begin 
          Ymax:=-1e6; Ymin:=1e6; 
          for I:=0 to SizeS1 do begin 
            if Sig[I]>Ymax then Ymax:=Sig[I]; 
            if Sig[I]<Ymin then Ymin:=Sig[I]; 
          end; 
          CalVal:=CalVal/Ymax; 
        end; 
        for I:=0 to SizeS1 do 
          Sig[I]:=CalVal*Sig[I]; 
 
        Ymax:=-1e6; Ymin:=1e6; 
        K:=0; 
        for I:=0 to SizeS1 do begin 
          if Sig[I]>Ymax then Ymax:=Sig[I]; 
          if Sig[I]<Ymin then Ymin:=Sig[I]; 
        end; 
        Jb:=0; 
        repeat 
          Inc(Jb) 
        until Sig[Jb]>EstStartThreshFactor*Ymax; 
        Dec(Jb); 
        Jb1:=Jb-Trunc(0.5+Est/Dt); 
        if Jb1>=0 then begin 
          for J:=Jb1 to SizeS1 do 
             Sig[J-Jb1]:=Sig[J]; 
          SizeS1:=SizeS1-Jb1; 
        end 
        else begin 
          for J:=SizeS1 downto 0 do 
           Sig[J-Jb1]:=Sig[J]; 
          for J:=-1 downto Jb1 do 
            Sig[J-Jb1]:=0*Sig[-Jb1];  {extend 0* first 
sample} 
          SizeS1:=SizeS1-Jb1; 
        end; 
        with StringGrid1 do begin 
          Cells[0,0]:='PARAMETER'; 
          Cells[1,0]:='VALUE'; 
          Cells[2,0]:='COMMENT'; 
          Cells[0,1]:='Title for waveform plot'; 
          Cells[1,1]:=''; 
          Cells[2,1]:=St0; 
          Cells[0,2]:='Sampling rate'; 
          Str(SampleRate:0:0,Dstr); 
          Cells[1,2]:=Dstr; 
          Cells[2,2]:='samples per second'; 
          Cells[0,3]:='Microphone relative to ear'; 







          Cells[1,3]:='1'; 
          Cells[2,3]:='1: Free-field near Human, 2: Ear-canal 
entrance, 3: Eardrum, 4: Free-field near Manikin, 5: Free-
field alone'; 
          Cells[0,4]:='Number of Samples'; 
          Str(SizeS1+1:0,Dstr); { number of samples} 
          StringGrid1.Cells[1,4]:=Dstr; 
          Cells[2,4]:=''; 
          Cells[0,5]:='Nu'; 
          Cells[1,5]:=''; 
          Cells[2,5]:='allowed number of unwarned 
exposures'; 
          Cells[0,6]:='Nw'; 
          Cells[1,6]:=''; 
          Cells[2,6]:='allowed number of warned exposures'; 
          Cells[0,7]:='Peak pressure level'; 
          Cells[1,7]:=''; 
          Cells[2,7]:='dB'; 
          Cells[0,8]:='Establish start level'; 
          Cells[1,8]:=''; 
          Cells[2,8]:='dB'; 
          Cells[0,9]:='LAeq8hr'; 
          Cells[1,9]:=''; 
          Cells[2,9]:='dB'; 
          Cells[0,10]:='A-weighted energy'; 
          Cells[1,10]:=''; 
          Cells[2,10]:='joules per square meter'; 
          Cells[0,11]:='Na'; 
          Cells[1,11]:=''; 
          Cells[2,11]:='allowed number of exposures based on 
A-weight energy at eardrum of manikin'; 
          Cells[0,12]:='N1'; 
          Cells[1,12]:=''; 
          Cells[2,12]:='allowed number of single hearing 
protected exposures MIL-STD-1474D'; 
          Cells[0,13]:='N2'; 
          Cells[1,13]:=''; 
          Cells[2,13]:='allowed number of double hearing 
protected exposures'; 
          Cells[0,14]:='Ta'; 
          Cells[1,14]:=''; 
          Cells[2,14]:='A-duration milliseconds'; 
          Cells[0,15]:='Tb'; 
          Cells[1,15]:=''; 
          Cells[2,15]:='B-duration milliseconds'; 
          for K:=16 to 29 do 
            for I:=0 to 2 do Cells[I,K]:=''; 
        end; 
        HeaderLines:=15; 
        HeaderLines:=29; 
        case ScriptType of 
        1: AssignFile(Tf2,Path+Round+'_'+Channel+'.AHA'); 







        2: 
AssignFile(Tf2,Path+Round+'\'+Round+'_'+Channel+'.AHA'); 
        3: AssignFile(Tf2,Path+Name2+'.AHA'); 
        end; 
        Rewrite(Tf2); 
        with StringGrid1 do begin 
          for K:=0 to HeaderLines do begin 
            if (Cells[0,K]<>'') or (Cells[1,K]<>'') or 
(Cells[2,K]<>'') then begin 
              for I:=0 to 2 do begin 
                Application.ProcessMessages; 
                if I=2 then 
                  WriteLn(Tf2,Cells[I,K]+char($20)) 
                else 
                  Write(Tf2,Cells[I,K]+char($20)+char($09)) 
              end 
            end 
          end 
        end; 
        for I:=0 to SizeS1 do begin 
          TrimFloat(Sig[I],Dstr); 
          WriteLn(Tf2,Dstr); 
        end; 
        CloseFile(Tf2); 
        ProgressBar1.StepIt; 
      end; { EOF } 
      CloseFile(Tf); 
    end; { Open dialog } 
    ProgressBar1.Visible:=False; 
    RestoreForm; 
   { ReleaseForm;} 
  end;   { ScriptType OK } 
  if ScriptType=2 then SysUtils.FindClose(SearchRec); { 
release findfirst memory allocation } 
end; 
 
procedure TForm1.folder2Click(Sender: TObject); 
var 
  Path,FName,ColStr,St0 : string; 
  Ysum,EstStartThreshFactor,SampleRate : single; 
  SearchRec  : TSearchRec; 
  Jb1,h,w,Message1,SizeS1Hold,Flen,Success,Attributes : 
integer; 
  FirstTime : boolean; 
begin 
  FirstTime:=True; 
{  ClearCanvas;} 
  OpenDialog1.InitialDir:=AhaahDirectory; 
  OpenDialog1.FileName:='Choose Folder and 1 or 2 column 
ASCII file'; 
  OpenDialog1.Filter:='All input data files|*.*'; 







  if OpenDialog1.Execute then begin 
    RestoreForm; 
    Path:=ExtractFilePath(OpenDialog1.Filename); 
    FileName:=ExtractFileName(OpenDialog1.Filename); 
  end; 
  Code:=SysUtils.FindFirst(Path+'*.*',faAnyFile,SearchRec); 
  K:=0; 
  repeat 
    FileName:=SearchRec.Name; 
    Inc(K) 
  until SysUtils.FindNext(SearchRec)<>0; 
  SysUtils.FindClose(SearchRec); 
 
  K:=K-2;  { skip . and .. } 
{  SysUtils.FindClose(SearchRec);} 
  h:=Form1.ClientHeight; 
  w:=Form1.ClientWidth; 
  h1:=Trunc(0.03*h); 
  w1:=Trunc(0.2*w); 
{  DrawFrontScreen;} 
  with ProgressBar1 do begin 
    Height:=h1; 
    Top:=h-Trunc(1.25*h1); 
    Width:=w1; 
    Left:=0;   {Round((w-w1)/2)} 
    Min:=0; 
    Max:=K; 
    Step:=1; 
    Position:=0; 
    Visible:=True; 
  end; 
  St:='Import ASCII files from folder'; 
  LabelProgressBar; 
 
  Code:=SysUtils.FindFirst(Path+'*.*',faAnyFile,SearchRec); 
  repeat 
    FileName:=SearchRec.Name; 
    if (FileName<>'.') and (FileName<>'..') then begin 
      FName:=FileName; 
      Flen:=pos('.',FName); 
      if Flen>0 then SetLength(FName,Flen-1); 
      FName:=FName+'.AHA'; 
      St0:=AhaahDirectory+'\Aha Folder\'+FName; 
      AssignFile(Tf2,St0); 
      Rewrite(Tf2); 
      Attributes:=FileGetAttr(Path+FileName); 
      Attributes:=Attributes and not faReadonly; 
      Success:=FileSetAttr(Path+FileName,Attributes); 
      Application.processmessages; 
      AssignFile(InF,Path+FileName);      { p. 14 } 







      Reset(InF,1);        { untyped file assumed to be bytes 
} 
      Size:=FileSize(InF);             { size in bytes } 
      GetMem(ByteBuffer,Size);         { temporary byte buffer 
} 
      BlockRead(InF,ByteBuffer^,Size,NumRead); { fast 
unformatted byte read } 
      p:=ByteBuffer; 
 
      IsAscii:=True; IsNumAscii:=True; 
      for J:=Size-1 downto 0 do begin 
        if p^[J] in [$0D,$0A,$1A] then K:=J; { remember last 
CrLf } 
        if not (p^[J] in [$00,$08..$0D,$1A,$20..$7F]) then 
IsAscii:=False; 
        if not (p^[J] in 
[$08..$0D,$1A,$20,$45,$65,$2B..$39]) then begin 
          if IsNumAscii then Kk:=K; { last row of  header } 
          IsNumAscii:=False; 
        end; 
      end; 
      if FirstTime then begin 
        ColumnsCounted:=False; 
        ColumnNumber:=0; 
      end; 
      Done:=False; 
      J:=Kk; { last good value } 
      K:=0; 
      while (not done) and (p^[J] in [$D,$A]) do Inc(J); 
      repeat 
        while (not done) and (p^[J] in [$9,$20]) do Inc(J); 
        Dstr:=''; 
        while (not done) and (not (p^[J] in 
[$9,$20,$2C,$D,$A])) do begin  { end of number } 
          Dstr:=Dstr+char(p^[J]); 
          Inc(J); if J>Size then Done:=True; 
        end; 
        val(Dstr,Sig[K],Code); 
        if not ColumnsCounted then Inc(ColumnNumber); 
        while (not done) and (p^[J] in [$09,$20,$2C,$0D,$0A]) 
do begin { pass EOL, to start of number } 
          if (not ColumnsCounted) and (p^[J] in [$0D,$0A]) 
then ColumnsCounted:=True; 
          Inc(J); if J>Size then Done:=True; 
        end; 
        K:=K+1; 
      until Done; 
      SizeS1:=K-2; 
      if FirstTime then begin 
        FirstTime:=False; 
        if ColumnNumber>1 then begin 







          Str(ColumnNumber,ColStr); 
          Message1:=MessageDlg(ColStr+ 
          ' columns of numbers were detected. The first 
column is probably sample time '+ 
          'while one of other columns contains the pressure 
data.',mtInformation,[mbok],0); 
          RestoreForm; 
          ColumnSelect:=ColumnNumber; 
          GetNumI('Pressure data column 
number',1,ColumnNumber,ColumnSelect); 
          RestoreForm; 
        end 
        else 
          ColumnSelect:=1; 
        Size:=(SizeS1+1) div ColumnNumber; 
        GetNumI('Reduce to new file size from ',1,Size,Size);  
RestoreForm; 
        SizeS1Hold:=Size-1; 
        N:=10; 
        GetNumI('Baseline points to average from',1,Size,N);   
RestoreForm; 
        EstStartThreshFactor:=0.25; 
        GetNumR('Establish start threshold 
factor',0,1,EstStartThreshFactor); 
        RestoreForm; 
        CalVal:=6894; 
        GetNumR('Multiply by scale factor ',-
1e5,1e5,CalVal);  RestoreForm; 
        SampleRate:=66666; 
        GetNumR('Sample rate in Hz',0,10000000,SampleRate);    
RestoreForm; 
        Dt:=1/SampleRate; 
      end; 
      K:=0; J:=0; 
      repeat 
        if J mod ColumnNumber = ColumnSelect-1 then begin 
          Sig[K]:=Sig[J]; 
          Inc(K); 
        end; 
        Inc(J); 
      until J>SizeS1; 
      SizeS1:=SizeS1Hold; 
      Ysum:=0; 
      for J:=0 to N do Ysum:=Ysum+Sig[J]; 
      Ysum:=Ysum/(N+1); 
      for J:=0 to SizeS1 do 
        Sig[J]:=CalVal*(Sig[J]-Ysum); 
 
      Ymax:=-1e6; Ymin:=1e6; 
      for J:=0 to SizeS1 do begin 
        if Sig[J]>Ymax then Ymax:=Sig[J]; 







        if Sig[J]<Ymin then Ymin:=Sig[J]; 
      end; 
      Jb:=0; 
      repeat 
        Inc(Jb) 
      until Sig[Jb]>EstStartThreshFactor*Ymax; 
      Dec(Jb); 
      Jb1:=Jb-Trunc(0.5+Est/Dt); 
      if Jb1>=0 then begin 
        for J:=Jb1 to SizeS1 do Sig[J-Jb1]:=Sig[J]; 
        SizeS1:=SizeS1-Jb1; 
      end 
      else begin 
        for J:=SizeS1 downto 0 do Sig[J-Jb1]:=Sig[J]; 
        for J:=-1 downto Jb1 do Sig[J-Jb1]:=0*Sig[-Jb1];  
{extend 0* first sample} 
        SizeS1:=SizeS1-Jb1; 
      end; 
      with StringGrid1 do begin 
        Cells[0,0]:='PARAMETER'; 
        Cells[1,0]:='VALUE'; 
        Cells[2,0]:='COMMENT'; 
        Cells[0,1]:='Title for waveform plot'; 
        Cells[1,1]:=''; 
        Cells[2,1]:=ANSIUpperCase(FileName); 
        Cells[0,2]:='Sampling rate'; 
        Str(SampleRate:0:0,Dstr); 
        Cells[1,2]:=Dstr; 
        Cells[2,2]:='samples per second'; 
        Cells[0,3]:='Microphone relative to ear'; 
        Cells[1,3]:='1'; 
        Cells[2,3]:='1: Free-field near Human, 2: Ear-canal 
entrance, 3: Eardrum, 4: Free-field near Manikin, 5: Free-
field alone'; 
        Cells[0,4]:='Number of Samples'; 
        Str(SizeS1+1:0,Dstr); { number of samples} 
        StringGrid1.Cells[1,4]:=Dstr; 
        Cells[2,4]:=''; 
        Cells[0,5]:='Nu'; 
        Cells[1,5]:=''; 
        Cells[2,5]:='allowed number of unwarned exposures'; 
        Cells[0,6]:='Nw'; 
        Cells[1,6]:=''; 
        Cells[2,6]:='allowed number of warned exposures'; 
        Cells[0,7]:='Peak pressure level'; 
        Cells[1,7]:=''; 
        Cells[2,7]:='dB'; 
        Cells[0,8]:='Establish start level'; 
        Cells[1,8]:=''; 
        Cells[2,8]:='dB'; 
        Cells[0,9]:='LAeq8hr'; 
        Cells[1,9]:=''; 







        Cells[2,9]:='dB'; 
        Cells[0,10]:='A-weighted energy'; 
        Cells[1,10]:=''; 
        Cells[2,10]:='joules per square meter'; 
        Cells[0,11]:='Na'; 
        Cells[1,11]:=''; 
        Cells[2,11]:='allowed number of exposures based on A-
weight energy at eardrum of manikin'; 
        Cells[0,12]:='N1'; 
        Cells[1,12]:=''; 
        Cells[2,12]:='allowed number of single hearing 
protected exposures MIL-STD-1474D'; 
        Cells[0,13]:='N2'; 
        Cells[1,13]:=''; 
        Cells[2,13]:='allowed number of double hearing 
protected exposures'; 
        Cells[0,14]:='Ta'; 
        Cells[1,14]:=''; 
        Cells[2,14]:='A-duration milliseconds'; 
        Cells[0,15]:='Tb'; 
        Cells[1,15]:=''; 
        Cells[2,15]:='B-duration milliseconds'; 
        for K:=16 to 29 do 
          for J:=0 to 2 do Cells[J,K]:=''; 
      end; 
      HeaderLines:=15; 
      HeaderLines:=29; 
      with StringGrid1 do begin 
        for K:=0 to HeaderLines do begin 
          if (Cells[0,K]<>'') or (Cells[1,K]<>'') or 
(Cells[2,K]<>'') then begin 
            for J:=0 to 2 do begin 
              Application.ProcessMessages; 
              if J=2 then 
                WriteLn(Tf2,Cells[J,K]+char($20)) 
              else 
                Write(Tf2,Cells[J,K]+char($20)+char($09)) 
            end 
          end 
        end 
      end; 
      for J:=0 to SizeS1 do begin 
        TrimFloat(Sig[J],Dstr); 
        WriteLn(Tf2,Dstr); 
      end; 
      CloseFile(Tf2); 
      ProgressBar1.StepIt; 
      FreeMem(ByteBuffer); 
      CloseFile(InF); 
 
    end; { not . or ..} 







  until SysUtils.FindNext(SearchRec)<>0; 
  SysUtils.FindClose(SearchRec); 
  ProgressBar1.Visible:=False; 
  RestoreForm; 
 { ReleaseForm;} 
end; 
 
 
 
 
procedure TForm1.N51Click(Sender: TObject); 
var 
  
Attributes,Done,Flen,I,M,Nav,N1,Count,Ceed,Ffce,Cfirst,Clas
t : integer; 
  HPDfile2,FName,Dstr,PromptStr : string; 
  CopyBitMap : TBitmap; 
  DestRect,SrcRect : TRect; 
  Ysum : double; 
  Temp,Tmax,Den,Ydummy,Fmax,Yt,Yl,Yr : single; 
  X,X0,Y,Sd,A1,A2,A3 : array[-3..80] of single; 
  Yffce,Yceed : array[0..80] of single; 
begin 
  RestoreForm; 
  PlotNew:=True; OverlayColor:=1; 
{  if MovieOpen then CancelMovieClick(Sender);} 
  Memo3.Visible:=False; 
  OpenDialog1.Filter:='Prepared waveforms|*.AHA|All 
Files|*.*'; 
  if OpenDialog1.Execute then begin 
    RestoreForm; 
    GetDir(0,CurrentDirectory); 
    PopupMenu1.AutoPopUp:=True; 
    
FE:=ANSIUpperCase(ExtractFileExt(OpenDialog1.Filename)); 
    
FileName:=ANSIUpperCase(ExtractFileName(OpenDialog1.Filenam
e)); 
    Attributes:=FileGetAttr(FileName); 
    Attributes:=Attributes and not (faReadOnly or faHidden); 
    Done:=FileSetAttr(FileName,Attributes); 
    Application.processmessages; 
    FName:=FileName; 
    Dstr7:=FileName; 
    Flen:=pos('.',FileName); 
    if Flen>0 then SetLength(FName,Flen-1); 
    FileName:=FName+'.AHA'; 
    Form1.Caption:='AHAAH INTENSE SOUND HAZARD ANALYSIS OF: 
'+FName; 
    OpenNewFileType5; 
    PressureTimePlot; 







    Tb1:=Tb; Te1:=Te; 
    for J:=0 to SizeS1 do 
      Sig1[J]:=Sig[J]; 
  end; 
 
  CopyBitMap:=TBitmap.Create; 
  CopyBitMap.Width:=Form1.ClientWidth; 
  CopyBitMap.Height:=Form1.ClientHeight div 2; 
  DestRect:=Rect(0,0,CopyBitMap.Width,CopyBitMap.Height); 
  {Copy the portion of the main form surrounded by the 
bounding rectangle to the bitmap } 
  SrcRect:=Rect(0,Form1.ClientHeight div 2, 
                Form1.ClientWidth,Form1.ClientHeight); 
  
CopyBitMap.Canvas.CopyRect(DestRect,Form1.Canvas,SrcRect); 
  PlotNew:=False; 
  if MovieOpen then CancelMovieClick(Sender); 
  Memo3.Visible:=False; 
  OpenDialog1.Filter:='Prepared waveforms|*.AHA|All 
Files|*.*'; 
  if OpenDialog1.Execute then begin 
    DialogOpened:=True; 
    PopupMenu1.AutoPopUp:=False;  { don't allow popup until 
new wave loaded  } 
    
FE:=ANSIUpperCase(ExtractFileExt(OpenDialog1.Filename)); 
    FileName:=ExtractFileName(OpenDialog1.Filename); 
    Dstr8:=FileName; 
    Attributes:=FileGetAttr(FileName); 
    Attributes:=Attributes and not (faReadOnly or faHidden); 
    Done:=FileSetAttr(FileName,Attributes); 
    Application.processmessages; 
    StringGrid1.Visible:=False; 
    OpenNewFileType6; { Type 3, new Tb,Te,Dt plotted on old 
Tb1,Te1 } 
    if (Tb<=Tb1) and (Tb1<=Te) then begin 
      Tb:=Tb1; 
      if Te1<=Te then Te:=Te1; 
    end 
    else 
      Te:=Tb; 
    Jb:=Round(Tb/Dt); Je:=Round(Te/Dt); 
    for J:=Jb to Je do Sig[J-Jb]:=Sig[J]; 
    SizeS1:=Je-Jb; 
    OpenDialog1.InitialDir:=''; 
  end; 
  if DialogOpened then begin 
    DialogOpened:=False; 
    
Form1.Canvas.CopyRect(SrcRect,CopyBitMap.Canvas,DestRect); 
    PressureTimePlot; 







  end; 
  CopyBitMap.Free; 
 
  New(Xr); New(Xi); New(X1r); New(X1i); 
  for K:=1 to XbufSize do begin 
    Xr^[K]:=0;  Xi^[K]:=0; 
    X1r^[K]:=0; X1i^[K]:=0; 
  end; 
  J:=0;  K:=1; 
  repeat 
    X1r^[K]:=Sig1[J];  Xr^[K]:=Sig[J]; Inc(J); 
    X1i^[K]:=Sig1[J];  Xi^[K]:=Sig[J]; Inc(J); 
    Inc(K) 
  until J>SizeS1; 
  M:=Round(Log2(SizeS1+1)); 
  Nn:=Round(Exp(M*Ln(2))); 
  N:=Nn div 2; 
  N1:=N+1; 
  ForwardFft(N,Dt,X1r,X1i); 
  ForwardFft(N,Dt,Xr,Xi); 
  F1:=1/(Nn*Dt); 
  Fmax:=0.5/Dt; 
  Ln10_10:=Ln(10)/10; 
  Ln10_20:=Ln(10)/20; 
  for J:=1 to N do begin 
    Den:=Sqr(X1r^[J])+Sqr(X1i^[J]); 
    Temp:=   Sqr((Xr^[J]*X1r^[J]+Xi^[J]*X1i^[J])/Den); 
    X1i^[J]:=Sqr((Xi^[J]*X1r^[J]-Xr^[J]*X1i^[J])/Den); 
    X1r^[J]:=Temp; 
    X1r^[J]:=Ln(X1r^[J]+X1i^[J])/Ln10_10; 
  end; 
  X1r^[1]:=0; 
  HPDfile2:=AhaahDirectory+'\Dat\F11_12d.dat'; 
  AssignFile(InFText,HPDfile2); 
  Reset(InFText); 
 
  PromptStr:='NorCE:10 NorED:11 GrED:21 ShED31 NoED:00'; 
Cfirst:=0; Clast:=31; 
  GetNumI(PromptStr,CFirst,CLast,FFED); 
  Code:=2; 
//  Kangle:=5; {4: 72deg, 5:90deg} 
  Ceed:=FFED mod 10;  { 0 or 1 } 
  Ffce:=FFED div 10;  { 0:FF 1:90d 2:0d 3:-90d } 
  case Ffce of 
    0:Kangle:=0; 
    1:Kangle:=5; {90 deg} 
    2:Kangle:=0; { 0 deg } 
    3:Kangle:=14; {14:252 15:270deg } 
  end; 
  for J:=0 to 76 do Read(InFText,X[J]); 
  for I:=0 to 20 do begin 







    if I=20 then for J:=0 to 76 do Read(InFText,Yceed[J]) 
    else if I=Kangle then for J:=0 to 76 do 
Read(InFText,Yffce[J]) 
    else for J:=0 to 76 do Read(InFText,Ydummy); 
  end; 
  CloseFile(InFText); 
 
  Nav:=77; 
  Nav:=60; 
  for J:=1 to Nav-1 do begin 
    X[J]:=1e3*X[J];{ freq in Hz } 
    X0[J]:=X[J];   { save frequencys } 
    Y[J]:=Ffce*Yffce[J]+Ceed*Yceed[J] { free-field to canal-
entrance to 0*eardrum } 
  end; 
 
  if (Code=1) or (Code=2) then begin 
    X[0]:= X[1]/2; Y[0]:= Y[1]/2; { down one octave } 
    X[-1]:=X[1]/8; Y[-1]:=Y[1]/8; { down three octaves } 
    X[-2]:=X[1]/32; Y[-2]:=Y[1]/32; { down five octaves } 
    X[-3]:=X[1]/128; Y[-3]:=Y[1]/128; { down seven octaves } 
  end; 
 
  if Code=3 then begin 
    X[0]:= X[1]/2; Y[0]:= Y[1]; { down one octave } 
    X[-1]:=X[1]/8; Y[-1]:=Y[1]; { down three octaves } 
    X[-2]:=X[1]/32; Y[-2]:=Y[1]; { down five octaves } 
    X[-3]:=X[1]/128; Y[-3]:=Y[1]; { down seven octaves } 
  end; 
 
 
  X[Nav]:=Fmax;  Y[Nav]:=Y[Nav-1];  {-100, -15, -200,-60, 
Y[Nav-1]} 
  for K:=-3 to Nav do begin 
    X[K]:=Ln(X[K]); 
{    Y[K]:=Y[K]*Ln10_20; }{ convert db to ln(mag) } 
  end; 
 
  if Code=3 then begin 
    Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[0], Y[0]);    { 
no loss at 0.01Hz } 
    Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[-1],Y[-1]); 
    Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[-2],Y[-2]); 
    Parabola(Ln(0.01),0,X[1],Y[1],X[2],Y[2],X[-3],Y[-3]); 
  end; 
 
  for K:=-2 to Nav-1 do begin 
    A1[K]:=Y[K-1]/((X[K-1]-X[K])*(X[K-1]-X[K+1])); 
    A2[K]:=Y[K]/((X[K]-X[K-1])*(X[K]-X[K+1])); 
    A3[K]:=Y[K+1]/((X[K+1]-X[K-1])*(X[K+1]-X[K])); 
  end; 







  for J:=2 to N do begin 
    Xx:=Ln((J-1)*F1); 
    K:=-3; repeat Inc(K) until Xx<X[K]; 
    if K=-2 then 
      Yt:=A1[K]*(Xx-X[K])*(Xx-X[K+1])+A2[K]*(Xx-X[K-
1])*(Xx-X[K+1])+ 
          A3[K]*(Xx-X[K-1])*(Xx-X[K]) 
    else if K=Nav then 
      Yt:=A1[K-1]*(Xx-X[K-1])*(Xx-X[K])+A2[K-1]*(Xx-X[K-
2])*(Xx-X[K])+ 
          A3[K-1]*(Xx-X[K-2])*(Xx-X[K-1]) 
    else begin 
     Yl:=A1[K-1]*(Xx-X[K-1])*(Xx-X[K])+A2[K-1]*(Xx-X[K-
2])*(Xx-X[K])+ 
         A3[K-1]*(Xx-X[K-2])*(Xx-X[K-1]); 
     Yr:=A1[K]*(Xx-X[K])*(Xx-X[K+1])+A2[K]*(Xx-X[K-1])*(Xx-
X[K+1])+ 
         A3[K]*(Xx-X[K-1])*(Xx-X[K]); 
     Yt:=Yl*(Xx-X[K])/(X[K-1]-X[K])+Yr*(Xx-X[K-1])/(X[K]-
X[K-1]); 
    end; 
    Xr^[J]:=Yt;   { free-field to canal entrance } 
  end; 
  Xr^[1]:=0;{ no loss at DC } 
  Xr^[N1]:=Y[Nav];{ loss at Nyquist } 
 
  for J:=2 to N do begin 
    X1r^[J]:=X1r^[J]-Xr^[J]*0; { IL - TFOE - 0*EARCANAL =  
HPD } 
  end; 
 
  if FileExists(AhaahDirectory+'\Dat\Hearing 
Protectors\Empirical.txt') then begin 
    AssignFile(OutFText,AhaahDirectory+'\Dat\Hearing 
Protectors\Empirical.txt'); 
    Append(OutFText); 
    FileOpen:=TRUE; 
  end else begin { doesn't exist so make new Empirical.txt } 
    AssignFile(OutFText,AhaahDirectory+'\Dat\Hearing 
Protectors\Empirical.txt'); 
    ReWrite(OutFText); 
    FileOpen:=FALSE; 
  end; 
  if NOT FileOpen then begin 
    for I:=1 to 7{22,10,13} do begin 
      Str(HPDFreq[I]/1000:3:3,Dstr); 
      Write(OutFText,Dstr,#9); 
    end; 
    WriteLn(OutFText); 
  end; 
 







  Ymax:=-1e6; 
  for I:=1 to 25{7, 22,10,13} do begin 
    K:=Round(HPDFreq[I]/F1); 
    Kk:=Round(HPDFreq[I]*Exp(Ln(2)*(1/6))/F1); 
    Kk:=Kk-K; 
    Ysum:=0; 
    Count:=0; 
    for J:=K-Kk to K+Kk do begin 
      Inc(Count); 
      Ysum:=Ysum+{X1r^[J]}Exp(ln10_10*X1r^[J])     {average 
energy not dB} 
    end; 
    Ysum:=Ysum/Count; 
    Ysum:=ln(Ysum)/ln10_10; 
    Str(Ysum:1:1,Dstr); 
    Write(OutFText,Dstr,#9); 
    E3[I]:=Ysum; 
    if E3[I]>Ymax then Ymax:=E3[I]; 
  end; 
 
  WriteLn(OutFText,Dstr7,#9,Dstr8); 
  Flush(OutFText); 
  CloseFile(OutFText); 
  Dispose(Xr); Dispose(Xi); Dispose(X1r); Dispose(X1i); 
 
//  Ymax:=Ymax+2; 
  Ymax:=5; 
  Ymin:=Ymax-60; 
  Ystep:=StepSize((Ymax-Ymin)/30);  Ny:=5; 
//  Xmin:=Log10(F1); Xmax:=Log10(Fmax); 
  Xmin:=Log10(50); Xmax:=Log10(10000); 
  St:='INSERTION LOSS (dB)'; 
//  St1:='DB REF 20uPA'; 
  Yoffset:=0; 
  LogPlotNew:=True; 
  Canvas.Pen.Width:=1; 
  PlotLogAxes; 
  with Canvas do begin 
    Pen.Mode:=pmcopy; 
//  Pen.Color:=clSilver; 
    Pen.Color:=clBlack; 
    Pen.Width:=1; 
    Pen.Style:=psDash; 
    Xx:=Xmin; Yy:=0; Scale; MoveTo(Xin,Yin); 
    Xx:=Xmax; Yy:=0; Scale; LineTo(Xin,Yin); 
 
    Pen.Width:=3; 
    Pen.Style:=psSolid; 
    for I:=1 to 7 do begin 
      Xx:=log10(HPDFreq[I]); Yy:=E3[I]; Scale; 
      if I=1 then MoveTo(Xin,Yin) else LineTo(Xin,Yin); 







    end; 
    Pen.Width:=1; 
  end; 
 
end; 
 
procedure CalcSpec; 
var 
  I,J,N1:integer; 
  Temp: single; 
begin 
  Nn:=Round(Exp(Ln(2)*(1+Trunc(Log2(Je-Jb+1))))); 
  N:=Nn div 2; 
  N1:=N+1; 
  F1:=1/(Nn*Dt); {Fmax:=N*F1; } 
  New(Xr); 
  New(Xi); 
  for I:=1 to N do begin 
    Xr^[I]:=0; 
    Xi^[I]:=0; 
  end; 
  for J:=Jb to Je do begin 
    I:=1 + (J-Jb) div 2; 
    if not odd(J-Jb) then 
      Xr^[I]:=Sig[J] 
    else 
      Xi^[I]:=Sig[J]; 
  end; 
  ForwardFft(N,Dt,Xr,Xi); 
{  ACWeightSetup; 
  Eawt:=0; 
} 
  for I:=1 to N1 do begin 
    ACWeight(F1*(I-1),ReA,ImA,ReC,ImC); 
    Temp:=Xr^[I]*ReA-Xi^[I]*ImA; 
    Xi^[I]:=Xr^[I]*ImA+Xi^[I]*ReA; 
    Xr^[I]:=Temp; 
    if (I=1) or (I=N1) then 
      Eawt:=Eawt+Sqr(Xr^[I])+Sqr(Xi^[I]) 
    else 
      Eawt:=Eawt+2*(Sqr(Xr^[I])+Sqr(Xi^[I])); 
  end; 
  Temp:=Eawt*F1; 
  RhoC:=415; { mks rayls characteristic impedance air @ 22 
deg C and 751 mmHg p 11 Beranek } 
  Eawt3:=Eawt*F1/RhoC; 
  Eawt:= 10*Log10(Temp/28800)+94; 
  Eawt2:=10*Log10(Temp/((Je-Jb)*Dt))+94; 
  Na:=Exp(Ln(2)*(85-Eawt)/3); 
  Dispose(Xr); 
  Dispose(Xi); 







end; 
 
 
 
procedure TForm1.CalculateSpectrum1Click(Sender: TObject); 
var 
  Flen,I,Nstart,Nstop,Nband,Im,Ip : integer; 
  Fmax,Tmax,Fo,Fm,Fp,Am,Ap,Ee,Em,Ep,Po,Tavg: single; 
  Fname : string; 
  TOBPlot: boolean; 
begin 
  TOBPlot:=False; 
  if (SizeS1<=SbufSize) and Not ImportOpen then begin 
    MenuSelection:=7; 
    for J:=0 to SizeS1 do Sig1[J]:=Sig[J]; { save original 
wave } 
    SizeS1New:=SizeS1; 
    Jb:=0; 
    Je:=SizeS1; 
    Nn:=SizeS1+1; 
    N:=Nn div 2; 
{    N1:=N+1;} 
    F1:=1/(Nn*Dt); 
    New(Xr);    New(Xi); New(Energy); 
    for I:=1 to N+1 do begin 
      Xr^[I]:=0; 
      Xi^[I]:=0; 
      Energy^[I]:=0; 
    end; 
    for J:=Jb to Je do begin 
      I:=1 + (J-Jb) div 2; 
      if not odd(J-Jb) then 
        Xr^[I]:=Sig[J] 
      else 
        Xi^[I]:=Sig[J]; 
    end; 
    ForwardFft(N,Dt,Xr,Xi); 
    Ymax:=-1e6; 
    RhoC:=407; 
    Po:=20e-6; 
    Tavg:=300e-3; 
    E0:=Po*Po*Tavg/RhoC; 
    F1:=1/(Nn*Dt);  Fmax:=0.5/Dt; 
    for I:=1 to N+1 do begin 
      Tmax:=2*F1*(Sqr(Xr^[I])+Sqr(Xi^[I]))/RhoC/E0; 
      Energy^[I]:=Tmax; 
      if Tmax>Ymax then Ymax:=Tmax; 
    end; 
    Energy^[1]:=0.5*Energy^[1]; 
    Energy^[N+1]:=0.5*Energy^[N+1]; 
    Nstart:=Trunc(10*Log10(F1)); 







    Nstart:=Nstart-5*0; 
    Nstop:=Nstart; 
    Ln10_10:=Ln(10)/10; 
    while Exp(Nstop*Ln10_10)<Fmax do Inc(Nstop); 
    Dec(Nstop); 
    Dec(Nstop); 
    for Nband:=Nstart to Nstop do begin 
      Fo:=exp(Nband*Ln10_10); 
      Fm:=exp((Nband-0.5)*Ln10_10); 
      Fp:=exp((Nband+0.5)*Ln10_10);{1/10 decade} 
      Im:=Trunc(Fm/F1)+1; 
      Ip:=Trunc(Fp/F1)+1; 
      if (Im*F1>=Fmax) or (Ip*F1>=Fmax) then 
        halt; 
      Am:=Energy^[Im]+(Fm/F1-Im+1)*(Energy^[Im+1]-
Energy^[Im]); 
      Ap:=Energy^[Ip]+(Fp/F1-Ip+1)*(Energy^[Ip+1]-
Energy^[Ip]); 
      if Ip=Im then 
        Ee:=0.5*(Am+Ap)*(Fp-Fm) 
      else if Ip=Im+1 then begin 
        Em:=0.5*(Am+Energy^[Im+1])*(Im*F1-Fm); 
        Ep:=0.5*(Ap+Energy^[Ip])*(Fp-(Ip-1)*F1); 
        Ee:=Em+Ep 
      end 
      else begin 
        Em:=0.5*(Am+Energy^[Im+1])*(Im*F1-Fm); 
        Ep:=0.5*(Ap+Energy^[Ip])*(Fp-(Ip-1)*F1); 
        Ee:=Em+Ep; 
        for I:=Im+1 to Ip-1 do 
          Ee:=Ee+0.5*(Energy^[I]+Energy^[I+1])*F1 
      end; 
      E3[Nband]:=Ee/F1; 
      if E3[Nband]>Ymax then Ymax:=E3[Nband]; 
    end; 
    Ymax:=10*Log10(Ymax)+0; 
    Ymin:=Ymax-60; 
    Ystep:=StepSize((Ymax-Ymin)/30);  Ny:=5; 
    Xmin:=Log10(F1); Xmax:=Log10(Fmax); 
    St:='1/3 OCT LEQ(300MS)'; 
    St1:='DB REF 20uPA'; 
    Yoffset:=0; 
    PlotLogAxes; 
    with Canvas do begin 
      Pen.Mode:=pmcopy; 
{      Pen.Color:=clSilver;} 
      Pen.Color:=clBlue; 
      Pen.Style:=psSolid; 
      I:=2; 
      Xx:=log10(F1); Tmax:=(Sqr(Xr^[I])+Sqr(Xi^[I])); 
Yy:=10*Log10(2*F1*Tmax/RhoC/E0); 
       Scale; MoveTo(Xin,Yin); 







      for I:=3 to N do begin 
        Xx:=log10(F1*(I-1)); 
Tmax:=(Sqr(Xr^[I])+Sqr(Xi^[I])); 
        Yy:=10*Log10(2*F1*Tmax/RhoC/E0); Scale; 
LineTo(Xin,Yin); 
      end; 
      Pen.Color:=clGreen; 
      Xx:=Nstart/10;  Yy:=10*Log10(E3[Nstart]); 
      Scale; MoveTo(Xin,Yin); 
      if TOBPlot then begin 
        for Nband:=Nstart+1 to Nstop do begin 
          Xx:=Nband/10;  Yy:=10*Log10(E3[Nband]); Scale; 
LineTo(Xin,Yin); 
        end; 
      end; 
    end; 
    Dispose(Xr);    Dispose(Xi);  Dispose(Energy); 
    FName:=ExtractFileName(OpenDialog1.Filename); 
    Flen:=pos('.',FName); 
    if Flen>0 then SetLength(FName,Flen-1); 
    Fname:=Fname+'.TOB'; 
    AssignFile(OutFText,Fname); 
    ReWrite(OutFText); 
    WriteLn(OutFText,'Leq300ms: steady 1/3 octave band sound 
pressure levels which when integrated'); 
    WriteLn(OutFText,'for 300 milliseconds have energies 
equal to that of the signal.'); 
    WriteLn(OutFText,'Freq(Hz)',Chr($9),'Leq(dB)'); 
    for Nband:=Nstart to Nstop do begin 
      Str(power(10,Nband/10):7:2,Dstr); 
      Str((10*Log10(E3[Nband])-0):8:2,Dstr1); 
      WriteLn(OutFText,Dstr,Chr($9),Dstr1); 
    end; 
    CloseFile(OutFText); 
  end; 
end; 
 
procedure TForm1.EAMuffModel1Click(Sender: TObject); 
var 
  F,Fmax,W,W2,Ow,Ytop,Ybottom,Yinc : single; 
  Re,Im,Mag,Phase : double; 
  I,Nav : integer; 
  Title1,Dummy : string; 
  Er,Ei,Ir,Ii : array[1..10] of double; 
  X,Y,Sd : array[1..20] of single; 
begin 
  Pi2:=2*Pi; 
  Ymax:=10; 
  Ymin:=Ymax-70; 
  Ystep:=StepSize((Ymax-Ymin)/30);  Ny:=5; 
  Nn:=SizeS1+1; 







  F1:=1/(Nn*Dt); 
  Fmax:=0.5/Dt; 
  Xmin:=Log10(F1); Xmax:=Log10(Fmax); 
  St:='EARMUFF PRESSURE TRANSFER FUNCTION'; 
  St1:='DB'; 
  Yoffset:=0; 
  PlotLogAxes; 
  with Canvas do begin 
    Pen.Color:=clGray; 
    Pen.Style:=psDot; 
    Xx:=log10(F1);   Yy:=0;   Scale; MoveTo(Xin,Yin); 
    Xx:=log10(Fmax); Yy:=0; Scale; LineTo(Xin,Yin); 
    Pen.Style:=psSolid; 
    Pen.Mode:=pmcopy;  { Pen.Color:=clSilver;} 
    Pen.Color:=clLime; { Total transfer } 
    for I:=1 to Nn div 2 do begin 
      F:=F1*I; 
      W:=Pi2*F;  W2:=W*W; Ow:=1/W; 
      Ir[2]:=1;            Ii[2]:=0; 
      ComplexMul(Ir[2],Ii[2],Rskin,-Ow*Kskin,Er[2],Ei[2]); 
      ComplexDiv(Er[2],Ei[2],Rcush,-Ow*Kcush,Ir[3],Ii[3]); 
      Ir[1]:=Ir[2]+Ir[3];  Ii[1]:=Ii[2]+Ii[3]; 
      ComplexMul(Ir[1],Ii[1],0,W*Lcup,Er[3],Ei[3]); 
      Er[4]:=Er[2]+Er[3];  Ei[4]:=Ei[2]+Ei[3]; 
      ComplexDiv(Er[4],Ei[4],Rleak,W*Lleak,Ir[4],Ii[4]); 
      ComplexDiv(Er[4],Ei[4],Rmat,W*Lmat-
Ow*Kmat,Ir[5],Ii[5]); 
      ComplexDiv(Er[4],Ei[4],Rmat2,W*Lmat2-
Ow*Kmat2,Ir[6],Ii[6]); 
      Ir[7]:=Ir[1]+Ir[4]+Ir[5]+Ir[6];  
Ii[7]:=Ii[1]+Ii[4]+Ii[5]+Ii[6]; 
      ComplexMul(Ir[7],Ii[7],0,-Ow*Kcup,Er[6],Ei[6]); 
      Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
      ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Xx:=log10(F); Yy:=20*Log10(Mag); 
      Scale; if I=1 then 
        MoveTo(Xin,Yin) 
      else 
        LineTo(Xin,Yin); 
    end; 
    Pen.Color:=clGray;  { Mass Piston } 
    for I:=1 to Nn div 2 do begin 
      F:=F1*I; 
      W:=Pi2*F;  W2:=W*W; Ow:=1/W; 
      Ir[2]:=1;            Ii[2]:=0; 
      ComplexMul(Ir[2],Ii[2],Rskin,-Ow*Kskin,Er[2],Ei[2]); 
      ComplexDiv(Er[2],Ei[2],Rcush,-Ow*Kcush,Ir[3],Ii[3]); 
      Ir[1]:=Ir[2]+Ir[3];  Ii[1]:=Ii[2]+Ii[3]; 
      ComplexMul(Ir[1],Ii[1],0,W*Lcup,Er[3],Ei[3]); 
      Er[4]:=Er[2]+Er[3];  Ei[4]:=Ei[2]+Ei[3]; 
      Ir[6]:=Ir[1];        Ii[6]:=Ii[1]; 







      ComplexMul(Ir[6],Ii[6],0,-Ow*Kcup,Er[6],Ei[6]); 
      Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
      ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Xx:=log10(F); Yy:=20*Log10(Mag); 
      Scale; if I=1 then 
        MoveTo(Xin,Yin) 
      else 
        LineTo(Xin,Yin); 
    end; 
    Pen.Color:=clBlue;  {Leak} 
    for I:=1 to Nn div 2 do begin 
      F:=F1*I; 
      W:=Pi2*F;  W2:=W*W; Ow:=1/W; 
      Ir[4]:=1;            Ii[4]:=0; 
      ComplexMul(Ir[4],Ii[4],Rleak,W*Lleak,Er[4],Ei[4]); 
      Ir[6]:=Ir[4];  Ii[6]:=Ii[4]; 
      ComplexMul(Ir[6],Ii[6],0,-Ow*Kcup,Er[6],Ei[6]); 
      Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
      ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Xx:=log10(F); Yy:=20*Log10(Mag); 
      Scale; if I=1 then 
        MoveTo(Xin,Yin) 
      else 
        LineTo(Xin,Yin); 
    end; 
    Pen.Color:=clBlack;  { Material } 
    for I:=1 to Nn div 2 do begin 
      F:=F1*I; 
      W:=Pi2*F;  W2:=W*W; Ow:=1/W; 
      Ir[4]:=1;            Ii[4]:=0; 
      ComplexMul(Ir[4],Ii[4],Rmat,W*Lmat-
Ow*Kmat,Er[4],Ei[4]); 
      Ir[6]:=Ir[4];  Ii[6]:=Ii[4]; 
      ComplexMul(Ir[6],Ii[6],0,-Ow*Kcup,Er[6],Ei[6]); 
      Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
      ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Xx:=log10(F); Yy:=20*Log10(Mag); 
      Scale; if I=1 then 
        MoveTo(Xin,Yin) 
      else 
        LineTo(Xin,Yin); 
    end; 
    Pen.Color:=clPurple;  { Material2 } 
    for I:=1 to Nn div 2 do begin 
      F:=F1*I; 
      W:=Pi2*F;  W2:=W*W; Ow:=1/W; 
      Ir[4]:=1;            Ii[4]:=0; 
      ComplexMul(Ir[4],Ii[4],Rmat2,W*Lmat2-
Ow*Kmat2,Er[4],Ei[4]); 







      Ir[6]:=Ir[4];  Ii[6]:=Ii[4]; 
      ComplexMul(Ir[6],Ii[6],0,-Ow*Kcup,Er[6],Ei[6]); 
      Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
      ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Xx:=log10(F); Yy:=20*Log10(Mag); 
      Scale; if I=1 then 
        MoveTo(Xin,Yin) 
      else 
        LineTo(Xin,Yin); 
    end; 
    Xx:=0.95*Xmin+0.05*Xmax; 
    Ytop:=0.7; Ybottom:=0.9; Yinc:=(Ybottom-Ytop)/4; 
    Yy:=Ytop*Ymin+(1-Ytop)*Ymax; 
    Scale; 
    Kk:=0; 
    Font.Color:=clLime; 
    St:='TOTAL LOSS'; 
    LabelOut(Xin,Yin,Kk,St); 
    Yy:=(Ytop+1*Yinc)*Ymin+(1-Ytop-1*Yinc)*Ymax; 
    Scale; 
    Kk:=0; 
    Font.Color:=clGray; 
    St:='EARMUFF AS RIGID PISTON'; 
    LabelOut(Xin,Yin,Kk,St); 
    Yy:=(Ytop+2*Yinc)*Ymin+(1-Ytop-2*Yinc)*Ymax; 
    Scale; 
    Kk:=0; 
    Font.Color:=clBlue; 
    St:='LEAKAGE AROUND EARMUFF'; 
    LabelOut(Xin,Yin,Kk,St); 
    Yy:=(Ytop+3*Yinc)*Ymin+(1-Ytop-3*Yinc)*Ymax; 
    Scale; 
    Kk:=0; 
    Font.Color:=clBlack; 
    St:='MATERIAL DEFORMATION'; 
    LabelOut(Xin,Yin,Kk,St); 
    Yy:=(Ytop+4*Yinc)*Ymin+(1-Ytop-4*Yinc)*Ymax; 
    Scale; 
    Kk:=0; 
    Font.Color:=clPurple; 
    St:='MATERIAL DEFORMATION 2'; 
//    LabelOut(Xin,Yin,Kk,St); 
  end; 
  for K:=0 to Nhpd do 
    PlotPoly(log10(Hpd[K,0]),Hpd[K,1],3); 
end; 
 
procedure TForm1.Copyscreentoclipboard1Click(Sender: 
TObject); 
var 







  bitmap : TBitmap; 
begin 
  bitmap:=TBitmap.Create; 
  bitmap.width:=clientwidth; 
  bitmap.height:=clientheight; 
  try 
    with bitmap.Canvas do 
      CopyRect(ClientRect,canvas,ClientRect); 
    clipboard.assign(bitmap); 
  finally 
    bitmap.free; 
  end; 
end; 
 
procedure TForm1.CopySpectrumToClipboard1Click(Sender: 
TObject); 
var 
  bitmap : TBitmap; 
  R1,R2 : TRect; 
begin 
  { rectangle around waveform on form } 
  with R1 do begin 
    Left:=0; Top:=0; 
    Right:=clientwidth; Bottom:=clientheight div 2; 
  end; 
  { rectangle around waveform on bitmap} 
  with R2 do begin 
    Left:=0; Top:=0; 
    Right:=clientwidth; Bottom:=clientheight div 2; 
  end; 
  bitmap:=TBitmap.Create; 
  bitmap.width :=clientwidth; 
  bitmap.height:=clientheight div 2; 
  bitmap.Canvas.CopyRect(R2,form1.canvas,R1); 
  clipboard.assign(bitmap); 
  bitmap.free; 
end; 
 
procedure ReadHPDFile(HPDfile:string); 
begin 
  AssignFile(InFText2,HPDfile); 
  Reset(InFText2); 
  ReadLn(InFText2,Kcush); 
  ReadLn(InFText2,Rcush); 
  ReadLn(InFText2,Kskin); 
  ReadLn(InFText2,Rskin); 
  ReadLn(InFText2,Lleak); 
  ReadLn(InFText2,Rleak); 
  ReadLn(InFText2,Lcup); 
  ReadLn(InFText2,Ccup); 
  ReadLn(InFText2,Rmat); 







  ReadLn(InFText2,Lmat); 
  ReadLn(InFText2,Kmat); 
  ReadLn(InFText2,Rmat2); 
  ReadLn(InFText2,Lmat2); 
  ReadLn(InFText2,Kmat2); 
  Kcush:=1/Kcush; 
  Kskin:=1/Kskin; 
  Kcup:=1/Ccup; 
  Olleak:=1/Lleak; 
  Olcup:=1/Lcup; 
  Kmat:=1/Kmat; 
  Kmat2:=1/Kmat2; 
  Orskincush:=1/(Rskin+Rcush); 
  Kskincush:=Kskin+Kcush; 
  ReadLn(InFText2,Dstr); 
  ReadLn(InFText2,Dstr1); 
  ReadLn(InFText2,Dstr1); 
  K:=0; 
  while not Eof(InFText2) do begin 
    ReadLn(InFText2,Hpd[K,0],Hpd[K,1],Hpd[K,2]); { Freq, 
Mean, StdDev} 
    Hpd[K,0]:=1e3*Hpd[K,0];       { kHz to Hz} 
    Hpd[K,1]:=Hpd[K,1]+1*Hpd[K,2]; { dB = mean - 1*Sd } 
    if Hpd[K,0]<>0 then Inc(K); 
  end; 
  Nhpd:=K-1; 
  CloseFile(InFText2); 
end; 
 
procedure ReadHPDSeedFile(HPDfile:string); 
begin 
  AssignFile(InFText2,HPDfile); 
  Reset(InFText2); 
  ReadLn(InFText2,Kcush); 
  ReadLn(InFText2,Rcush); 
  ReadLn(InFText2,Kskin); 
  ReadLn(InFText2,Rskin); 
  ReadLn(InFText2,Lleak); 
  ReadLn(InFText2,Rleak); 
  ReadLn(InFText2,Lcup); 
  ReadLn(InFText2,Ccup); 
  ReadLn(InFText2,Rmat); 
  ReadLn(InFText2,Lmat); 
  ReadLn(InFText2,Kmat); 
  ReadLn(InFText2,Rmat2); 
  ReadLn(InFText2,Lmat2); 
  ReadLn(InFText2,Kmat2); 
  Kcush:=1/Kcush; 
  Kskin:=1/Kskin; 
  Kcup:=1/Ccup; 
  Olleak:=1/Lleak; 







  Olcup:=1/Lcup; 
  Kmat:=1/Kmat; 
  Kmat2:=1/Kmat2; 
  Orskincush:=1/(Rskin+Rcush); 
  Kskincush:=Kskin+Kcush; 
(* 
  ReadLn(InFText2,Dstr); 
  ReadLn(InFText2,Dstr1); 
  ReadLn(InFText2,Dstr1); 
  K:=0; 
  while not Eof(InFText2) do begin 
    ReadLn(InFText2,Hpd[K,0],Hpd[K,1],Hpd[K,2]); { Freq, 
Mean, StdDev} 
    Hpd[K,0]:=1e3*Hpd[K,0];       { kHz to Hz} 
    Hpd[K,1]:=Hpd[K,1]+1*Hpd[K,2]; { dB = mean - 1*Sd } 
    if Hpd[K,0]<>0 then Inc(K); 
  end; 
  Nhpd:=K-1; 
*) 
  CloseFile(InFText2); 
end; 
 
 
 
 
procedure UpdateHPDFile(HPDfile:string); 
var 
  F,Q,Alpha : single; 
begin 
  Alpha:=20*log10(Kcup/Kmat); 
  if Alpha<-80 then begin 
    Alpha:=-80; 
    Kmat:=Kcup/Exp(Alpha/20*ln(10)); 
  end; 
  F:=1/(2*Pi*Sqrt(Lmat/Kmat)); 
  if F>30000 then begin 
    F:=30000; 
    Lmat:=Kmat/Sqr(2*Pi*F) 
  end; 
  Q:=Sqrt(Lmat*Kmat)/Rmat; 
  if Q>5 then begin 
    Q:=5; 
    Rmat:=Sqrt(Lmat*Kmat)/Q; 
  end; 
  Alpha:=20*log10(Kcup/Kmat2); 
  if Alpha<-80 then begin 
    Alpha:=-80; 
  end; 
  F:=1/(2*Pi*Sqrt(Lmat2/Kmat2)); 
  if F>30000 then begin 
    F:=30000; 







  end; 
  Q:=Sqrt(Lmat2*Kmat2)/Rmat2; 
  if Q>5 then begin 
    Q:=5; 
  end; 
 
  AssignFile(InFText,HPDfile);  Reset(InFText); 
  St:=HPDfile; 
  J:=Pos('.',St); 
  Dec(J); 
  FileName:=Copy(St,1,J); {} 
  FileName:=FileName+'0.txt'; 
  AssignFile(OutFText,FileName);  Rewrite(OutFText); 
  ReadLn(InFText,Temp,Dstr); 
  Kcush:=1/Kcush; 
  if Dstr[1]<>#9 then Dstr:=#9+Dstr; 
  WriteLn(OutFText,Kcush:11,Dstr); 
  ReadLn(InFText,Temp,Dstr); 
  if Dstr[1]<>#9 then Dstr:=#9+Dstr; 
  WriteLn(OutFText,Rcush:11,Dstr); 
  ReadLn(InFText,Temp,Dstr); 
  Kskin:=1/Kskin; 
  if Dstr[1]<>#9 then Dstr:=#9+Dstr; 
  WriteLn(OutFText,Kskin:11,Dstr); 
  ReadLn(InFText,Temp,Dstr); 
  if Dstr[1]<>#9 then Dstr:=#9+Dstr; 
  WriteLn(OutFText,Rskin:11,Dstr); 
  ReadLn(InFText,Temp,Dstr); 
  if Dstr[1]<>#9 then Dstr:=#9+Dstr; 
  WriteLn(OutFText,Lleak:11,Dstr); 
  ReadLn(InFText,Temp,Dstr); 
  if Dstr[1]<>#9 then Dstr:=#9+Dstr; 
  WriteLn(OutFText,Rleak:11,Dstr); 
  ReadLn(InFText,Temp,Dstr); 
  if Dstr[1]<>#9 then Dstr:=#9+Dstr; 
  WriteLn(OutFText,Lcup:11,Dstr); 
  ReadLn(InFText,Temp,Dstr); 
  Ccup:=1/Kcup; 
  if Dstr[1]<>#9 then Dstr:=#9+Dstr; 
  WriteLn(OutFText,Ccup:11,Dstr); 
  ReadLn(InFText,Temp,Dstr); 
  if Dstr[1]<>#9 then Dstr:=#9+Dstr; 
  WriteLn(OutFText,Rmat:11,Dstr); 
  ReadLn(InFText,Temp,Dstr); 
  if Dstr[1]<>#9 then Dstr:=#9+Dstr; 
  WriteLn(OutFText,Lmat:11,Dstr); 
  ReadLn(InFText,Temp,Dstr); 
  Kmat:=1/Kmat; 
  if Dstr[1]<>#9 then Dstr:=#9+Dstr; 
  WriteLn(OutFText,Kmat:11,Dstr); 
  ReadLn(InFText,Temp,Dstr); 







  if Dstr[1]<>#9 then Dstr:=#9+Dstr; 
  WriteLn(OutFText,Rmat2:11,Dstr); 
  ReadLn(InFText,Temp,Dstr); 
  if Dstr[1]<>#9 then Dstr:=#9+Dstr; 
  WriteLn(OutFText,Lmat2:11,Dstr); 
  ReadLn(InFText,Temp,Dstr); 
  Kmat2:=1/Kmat2; 
  if Dstr[1]<>#9 then Dstr:=#9+Dstr; 
  WriteLn(OutFText,Kmat2:11,Dstr); 
 
  ReadLn(InFText,Dstr); 
  WriteLn(OutFText,Dstr); 
  ReadLn(InFText,Dstr1); 
  WriteLn(OutFText,Dstr1); 
  ReadLn(InFText,Dstr1); 
  WriteLn(OutFText,Dstr1); 
  K:=0; 
  while not Eof(InFText) do begin 
    ReadLn(InFText,Hpd[K,0],Hpd[K,1],Hpd[K,2]); { Freq, 
Mean, StdDev} 
    if Hpd[K,0]<>0 then begin 
      
WriteLn(OutFText,Hpd[K,0]:3:3,#9,Hpd[K,1]:1:1,#9,Hpd[K,2]:1
:1); { Freq, Mean, StdDev} 
      Hpd[K,0]:=1e3*Hpd[K,0];       { kHz to Hz} 
      Hpd[K,1]:=Hpd[K,1]+1*Hpd[K,2]; { dB = mean - 1*Sd } 
      Inc(K) 
    end; 
  end; 
  Nhpd:=K-1; 
  CloseFile(InFText); 
  CloseFile(OutFText); 
end; 
 
procedure TForm1.SingleProtectorUnwarned1Click(Sender: 
TObject); 
var 
  Message1:word; 
  NewItem,NewItem2 : TMenuItem; 
  Choice : string; 
begin 
  MainMenu1.Items[1].Enabled:=False; {Analyze} 
  for J:=0 to SizeS1 do Sig[J]:=ISig[J]; 
  PlotNew:=True; 
  PressureTimePlot; 
  PlotNew:=False; 
  OverlayColor:=5; 
  Canvas.Pen.Color:=clGreen; 
  HPDFile:=AhaahDirectory+'\Dat\Hearing 
Protectors\StandardSingle.txt'; 
  ReadHPDFile(HPDfile); 







  TimeDomainModel4; 
  for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
  StringGrid1.Cells[1,3]:='1'; 
{  MainMenu1.Items[1].Enabled:=False;} 
  MainMenu1.Items[0].Items[4].Enabled:=False; { Save AHA 
(line is 3)} 
  ProgressBar1.Visible:=True; 
  Edit1.Visible:=True; 
  Edit1.Text:='WARNED'; 
  Application.ProcessMessages; 
  if MovieOpen Then 
    CancelMovieClick(Sender); { Disposes previous Ma } 
  if FileOpen then begin 
   { New(Ma);} 
    MovieOpen:=True; 
    PopupMenu1.AutoPopUp:=False; 
    MemDelay1:=MemDelay; 
    CalculateHazard2; 
    Str(500/MaxHazard:1:1,Dstr); 
    StringGrid1.Cells[1,8]:=Dstr; 
    StringGrid1.Cells[2,8]:=HazStr+' A.R.U.'; 
    Application.ProcessMessages; 
    NewItem2:=TMenuItem.Create(MainMenu1); 
    NewItem2.Caption:='Movie[Cancel ,'; 
    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem2); 
    NewItem2.OnClick:=CancelMovieClick; 
    NewItem:=TMenuItem.Create(MainMenu1); 
    NewItem.Caption:='Stapes Displacement]'; 
    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem); 
    NewItem.OnClick:=AnimateClick; 
  end; 
  PopupMenu1.AutoPopUp:=True; 
  MainMenu1.Items[1].Enabled:=True; 
  Application.ProcessMessages; 
end; 
 
procedure TForm1.SingleProtectorWarned1Click(Sender: 
TObject); 
var 
  Message1:word; 
  NewItem,NewItem2 : TMenuItem; 
  Choice : string; 
 
begin 
  MainMenu1.Items[1].Enabled:=False; {Analyze} 
  for J:=0 to SizeS1 do Sig[J]:=ISig[J]; { restore in case 
want another hpd } 
  PlotNew:=True; 
  PressureTimePlot; 
  PlotNew:=False; 
  OverlayColor:=5; 







  Canvas.Pen.Color:=clGreen; 
  HPDFile:=AhaahDirectory+'\Dat\Hearing 
Protectors\StandardSingle.txt'; 
  ReadHPDFile(HPDfile); 
  TimeDomainModel4; 
  for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
  StringGrid1.Cells[1,3]:='1'; 
{  MainMenu1.Items[1].Enabled:=False;} 
  MainMenu1.Items[0].Items[4].Enabled:=False; { Save AHA 
(line is 3)} 
  ProgressBar1.Visible:=True; 
  Edit1.Visible:=True; 
  Edit1.Text:='WARNED'; 
  Application.ProcessMessages; 
  if MovieOpen Then 
    CancelMovieClick(Sender); { Disposes previous Ma } 
  if FileOpen then begin 
    {New(Ma);} 
    MovieOpen:=True; 
    PopupMenu1.AutoPopUp:=False; 
    MemDelay1:=-50e-3; 
    CalculateHazard2; 
    Str(500/MaxHazard:1:1,Dstr); 
    StringGrid1.Cells[1,7]:=Dstr; 
    StringGrid1.Cells[2,7]:=HazStr+' A.R.U.'; 
    Application.ProcessMessages; 
    NewItem2:=TMenuItem.Create(MainMenu1); 
    NewItem2.Caption:='Movie[Cancel ,'; 
    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem2); 
    NewItem2.OnClick:=CancelMovieClick; 
    NewItem:=TMenuItem.Create(MainMenu1); 
    NewItem.Caption:='Stapes Displacement]'; 
    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem); 
    NewItem.OnClick:=AnimateClick; 
  end; 
  PopupMenu1.AutoPopUp:=True; 
  MainMenu1.Items[1].Enabled:=True; 
  Application.ProcessMessages; 
end; 
 
procedure TForm1.OpenDialog1Show(Sender: TObject); 
var 
  dlg : HWND; 
  parenthandle :HWND; 
begin 
  parenthandle:=GetParent(OpenDialog1.Handle); 
  PostMessage(parenthandle,WM_COMMAND,$A004,0); {A008, A004} 
end; 
 
procedure TForm1.EAmodelStdMulAHAClick(Sender: TObject); 
var 







  
St0,St2,St3,Path,Dummy,Round,Channel,FName,Suffix,HPDPath: 
string; 
  Jee,Jp,h,w,Success,Flen: integer; 
  Ta,Tb,Ja1,Ja2,Jb1,Y1,Y1o,Temp,Ymx,Lp:single; 
  SearchRec  : TSearchRec; 
 
begin 
  ACWeightSetup; 
  OpenMuff:=True; 
{  PlotNew:=False;} 
  OverlayColor:=5; 
  Canvas.Pen.Color:=clGreen; 
  OpenDialog1.InitialDir:=AhaahDirectory+'\Dat\Hearing 
Protectors'; 
  OpenDialog1.filename:=''; 
  OpenDialog1.Filter:='Hearing Protector 
Device(*.txt)|*.txt|All Files|*.*'; 
  if OpenDialog1.Execute then begin 
    HPDfile:=ExtractFileName(OpenDialog1.Filename); 
  end; 
  OpenDialog1.InitialDir:=CurrentDirectory; 
  OpenDialog1.FileName:=OrigFile; 
  HPDFile:=AhaahDirectory+'\Dat\Hearing 
Protectors\'+HPDFile; 
  ReadHPDFile(HPDfile); 
{    ClearCanvas;} 
  SaveForm; 
  OpenDialog1.FileName:='Choose Folder and any one of the AHA 
files'; 
  OpenDialog1.InitialDir:=AhaahDirectory; 
  OpenDialog1.Filter:='Pooled AHA files|*.AHA'; 
  if OpenDialog1.Execute then begin 
    RestoreForm; 
    GetDir(0,CurrentDirectory); 
    Path:=ExtractFilePath(OpenDialog1.Filename); 
    St:=Path; 
    J:=length(St)-1; 
    while St[J]<>'\' do Dec(J); 
    Inc(J); 
    FName:=Copy(St,J,length(St)-J); {\folder name} 
{    FName:=AhaahDirectory+FName+'.txt';} 
    FName:=Path+FName+'.txt'; 
    AssignFile(OutFText,FName); 
    Rewrite(OutFText); 
       St0:='Waveform'+#9; 
       
St0:=St0+'LAeq8hr'+#9+'Na'+#9+'Lp'+#9+'Ta'+#9+'Tb'+#9+'Nsin
gle'+#9+'Ndouble'; 
       St0:=St0+#9+'ModelNo'; 
       St0:=St0+#9+'ARU(W)'+#9+'Nw'+#9+'ARU(U)'+#9+'Nu'; 







       St0:=St0+#9+'ModelNo'+#9+'LAeq8hr'+#9+'Na'+#9+'Lp'; 
       St0:=St0+#9+'ARU(W)'+#9+'Nw'+#9+'ARU(U)'+#9+'Nu'; 
    WriteLn(OutFText,St0); 
    FName:=Path+'*.AHA'; 
    Code:=SysUtils.FindFirst(FName,faAnyFile,SearchRec); 
    K:=0; 
    repeat Inc(K) until SysUtils.FindNext(SearchRec)<>0; 
    SysUtils.FindClose(SearchRec); 
 
    h:=Form1.ClientHeight; 
    w:=Form1.ClientWidth; 
    h1:=Trunc(0.03*h); 
    w1:=Trunc(0.2*w); 
{      DrawFrontScreen;} 
    with ProgressBar1 do begin 
      Height:=h1; 
      Top:=h-Trunc(1.25*h1); 
      Width:=w1; 
      Left:=0;   {Round((w-w1)/2)} 
      Min:=0; 
      Max:=4*2*K; 
      Max:=K; 
      Step:=1; 
      Position:=0; 
      Visible:=True; 
    end; 
    St:='Folder AHA - Std EA HPD'; 
    LabelProgressBar; 
    Code:=SysUtils.FindFirst(FName,faAnyFile,SearchRec); 
    {New(Ma);} 
    repeat 
      Filename:=Path+SearchRec.Name; 
      Write(OutFText,SearchRec.Name+#9); 
      OpenNewFileType5; 
      N:=Nn div 2; 
      F1:=1/(Nn*Dt); {Fmax:=N*F1; } 
 
      New(Xr); New(Xi); 
      for J:=1 to N do begin Xr^[J]:=0; Xi^[J]:=0 end; 
      for J:=0 to SizeS1  do begin 
        K:=1 + J div 2; 
        if not odd(J) then 
          Xr^[K]:=Sig[J] 
        else 
          Xi^[K]:=Sig[J]; 
      end; 
      ForwardFft(N,Dt,Xr,Xi); 
      Eawt:=0; 
      for J:=1 to N+1 do begin 
        ACWeight(F1*(J-1),ReA,ImA,ReC,ImC); 
        Temp:=Xr^[J]*ReA-Xi^[J]*ImA; 







        Xi^[J]:=Xr^[J]*ImA+Xi^[J]*ReA; 
        Xr^[J]:=Temp; 
        if (J=1) or (J=N+1) then 
          Eawt:=Eawt+Sqr(Xr^[J])+Sqr(Xi^[J]) 
        else 
          Eawt:=Eawt+2*(Sqr(Xr^[J])+Sqr(Xi^[J])); 
      end; 
      Temp:=Eawt*F1; 
      RhoC:=415; { mks rayls characteristic impedance air @ 
22 deg C and 751 mmHg p 11 Beranek } 
      Eawt3:=Eawt*F1/RhoC; 
      Eawt:= 10*Log10(Temp/28800)+94; 
      Na:=Exp(Ln(2)*(85-Eawt)/3); 
      Dispose(Xr); Dispose(Xi); 
      Str(Eawt:6:2,St); 
      Str(Na:3:3,St1); 
      Write(OutFText,St+#9+St1+#9); 
 
      Ymx:=-1e6; 
      for J:=0 to SizeS1 do 
        if abs(Sig[J])>Ymx then begin 
          Ymx:=abs(Sig[J]); 
          Jp:=J 
        end; 
      Lp:=20*Ln(Ymx)/Ln(10)+94; 
      Y1:=0.1*Ymx; 
      for J:=Jp downto 0 do if  abs(Sig[J])>=Y1 then Jb1:=J; 
      for J:=Jp to SizeS1 do if abs(Sig[J])>=Y1 then Jee:=J; 
      Jb1:=Jee; 
      J:=0; 
      repeat Inc(J)until abs(Sig[J])>0.1*Ymx; 
      Ja1:=(J+(0.1*Ymx-Sig[J])/(Sig[J]-Sig[J-1])); 
      Y1:=Sig[J]; 
      repeat 
        Y1o:=Y1; 
        Inc(J); 
        Y1:=Sig[J]; 
      until Y1*Y1o<=0; 
      Ja2:=(J-Y1/(Y1-Y1o)); 
      Ta:=(Ja2-Ja1)*Dt*1e3; 
      Tb:=(Jb1-Ja1)*Dt*1e3; 
      if Tb<=200 then 
        Nsingle:=Exp(Ln(200/Tb)*(2*ln(10)/(5*ln(2)))+((177-
Lp)/5)*Ln(10)) 
      else 
        
Nsingle:=Exp(Ln(200/200)*(2*ln(10)/(5*ln(2)))+((177-
Lp)/5)*Ln(10)); 
      Str(Ta:3:3,Dstr); 
      Str(Tb:1:1,Dstr1); 
      Str(Nsingle:1:1,Dstr2); 







      Str(20*Nsingle:1:1,Dstr3); 
      Str(Lp:2:2,Dstr4); 
      
Write(OutFText,Dstr4+#9+Dstr+#9+Dstr1+#9+Dstr2+#9+Dstr3+#9)
; 
 
      if (ModelNo=1) or (ModelNo=4) then begin 
        Write(OutFText,'1'+#9); 
        MemDelay1:=-50e-3; 
        Est_MemDelay:=Est+MemDelay1; 
        Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
        if Kr>0 then 
          Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
        else 
          Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
        Ex1:=Ex0; 
        Ex2:=Exp(-Dt/MemTimeConst); 
        CalculateHazard3; 
        Str(500/MaxHazard:1:1,Dstr); 
{        ProgressBar1.StepIt;} 
        Write(OutFText,HazStr+#9+Dstr+#9); 
        MemDelay1:=MemDelay; 
        Est_MemDelay:=Est+MemDelay1; 
        Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
        if Kr>0 then 
          Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
        else 
          Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
        Ex1:=Ex0; 
        Ex2:=Exp(-Dt/MemTimeConst); 
        CalculateHazard3; 
{        ProgressBar1.StepIt;} 
        Str(500/MaxHazard:1:1,Dstr); 
        Write(OutFText,HazStr+#9+Dstr+#9); 
      end 
      else if ModelNo=2 then begin 
        Write(OutFText,'2'+#9); 
        MemDelay1:=-50e-3; 
        Est_MemDelay:=Est+MemDelay1; 
        Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
        if Kr>0 then 
          Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
        else 
          Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
        Ex1:=Ex0; 
        Ex2:=Exp(-Dt/MemTimeConst); 
        CalculateHazard3; 
        Str(500/MaxHazard:1:1,Dstr); 







{        ProgressBar1.StepIt;} 
        Write(OutFText,HazStr+#9+Dstr+#9); 
        MemDelay1:=MemDelay; 
        Est_MemDelay:=Est+MemDelay1; 
        Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
        if Kr>0 then 
          Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
        else 
          Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
        Ex1:=Ex0; 
        Ex2:=Exp(-Dt/MemTimeConst); 
        CalculateHazard3; 
{        ProgressBar1.StepIt;} 
        Str(500/MaxHazard:1:1,Dstr); 
        Write(OutFText,HazStr+#9+Dstr+#9); 
      end 
      else if ModelNo=3 then begin 
        Write(OutFText,'3'+#9); 
        MemDelay1:=-50e-3; 
        Est_MemDelay:=Est+MemDelay1; 
        Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
        if Kr>0 then 
          Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
        else 
          Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
        Ex1:=Ex0; 
        Ex2:=Exp(-Dt/MemTimeConst); 
        CalculateHazard3; 
        Str(500/MaxHazard:1:1,Dstr); 
{        ProgressBar1.StepIt;} 
        Write(OutFText,HazStr+#9+Dstr+#9); 
        MemDelay1:=MemDelay; 
        Est_MemDelay:=Est+MemDelay1; 
        Kr:=Trunc(Est_MemDelay/Dt); { sample just before 
onset of wave } 
        if Kr>0 then 
          Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
        else 
          Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
        Ex1:=Ex0; 
        Ex2:=Exp(-Dt/MemTimeConst); 
        CalculateHazard3; 
{        ProgressBar1.StepIt;} 
        Str(500/MaxHazard:1:1,Dstr); 
        Write(OutFText,HazStr+#9+Dstr+#9); 
      end; 
      Write(OutFText,'4'+#9); 
      TimeDomainModel5;   {HPD filtered Sig in place} 
      N:=Nn div 2; 
      F1:=1/(Nn*Dt); {Fmax:=N*F1; } 







      New(Xr); New(Xi); 
      for J:=1 to N do begin Xr^[J]:=0; Xi^[J]:=0 end; 
      for J:=0 to SizeS1  do begin 
        K:=1 + J div 2; 
        if not odd(J) then 
          Xr^[K]:=Sig[J] 
        else 
          Xi^[K]:=Sig[J]; 
      end; 
      ForwardFft(N,Dt,Xr,Xi); 
      Eawt:=0; 
      for J:=1 to N+1 do begin 
        ACWeight(F1*(J-1),ReA,ImA,ReC,ImC); 
        Temp:=Xr^[J]*ReA-Xi^[J]*ImA; 
        Xi^[J]:=Xr^[J]*ImA+Xi^[J]*ReA; 
        Xr^[J]:=Temp; 
        if (J=1) or (J=N+1) then 
          Eawt:=Eawt+Sqr(Xr^[J])+Sqr(Xi^[J]) 
        else 
          Eawt:=Eawt+2*(Sqr(Xr^[J])+Sqr(Xi^[J])); 
      end; 
      Temp:=Eawt*F1; 
      RhoC:=415; { mks rayls characteristic impedance air @ 
22 deg C and 751 mmHg p 11 Beranek } 
      Eawt3:=Eawt*F1/RhoC; 
      Eawt:= 10*Log10(Temp/28800)+94; 
      Na:=Exp(Ln(2)*(85-Eawt)/3); 
      Dispose(Xr); Dispose(Xi); 
      Str(Eawt:6:2,St); 
      Str(Na:3:3,St1); 
      Write(OutFText,St+#9+St1+#9); 
 
      Ymx:=-1e6; 
      for J:=0 to SizeS1 do 
        if abs(Sig[J])>Ymx then begin 
          Ymx:=abs(Sig[J]); 
          Jp:=J 
        end; 
      Lp:=20*Ln(Ymx)/Ln(10)+94; 
      Str(Lp:2:2,Dstr4); 
      Write(OutFText,Dstr4+#9); 
 
      ModelNo:=1; 
      MemDelay1:=-50e-3; 
      Est_MemDelay:=Est+MemDelay1; 
      Kr:=Trunc(Est_MemDelay/Dt); { sample just before onset 
of wave } 
      if Kr>0 then 
        Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
      else 
        Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 







      Ex1:=Ex0; 
      Ex2:=Exp(-Dt/MemTimeConst); 
      CalculateHazard3; 
      Str(500/MaxHazard:1:1,Dstr); 
{      ProgressBar1.StepIt;} 
 
      Write(OutFText,HazStr+#9+Dstr+#9); 
 
      MemDelay1:=MemDelay; 
      Est_MemDelay:=Est+MemDelay1; 
      Kr:=Trunc(Est_MemDelay/Dt); { sample just before onset 
of wave } 
      if Kr>0 then 
        Ex0:=Exp((Est_MemDelay-Kr*Dt)/MemTimeConst) 
      else 
        Ex0:=Exp((Est_MemDelay-Dt)/MemTimeConst); 
      Ex1:=Ex0; 
      Ex2:=Exp(-Dt/MemTimeConst); 
      CalculateHazard3; 
      ProgressBar1.StepIt; 
      Str(500/MaxHazard:1:1,Dstr); 
      WriteLn(OutFText,HazStr+#9+Dstr); 
    until SysUtils.FindNext(SearchRec)<>0; 
   { Dispose(Ma); } 
    CloseFile(OutFText); 
    SysUtils.FindClose(SearchRec); 
    ProgressBar1.Visible:=False; 
    RestoreForm; 
   { ReleaseForm;} 
  end; 
 
end; 
 
procedure TForm1.DoubleprotectionWarnedClick(Sender: 
TObject); 
var 
  Message1:word; 
  NewItem,NewItem2 : TMenuItem; 
  Choice : string; 
begin 
  MainMenu1.Items[1].Enabled:=False; {Analyze} 
  for J:=0 to SizeS1 do Sig[J]:=ISig[J]; 
  PlotNew:=True; 
  PressureTimePlot; 
  PlotNew:=False; 
  OverlayColor:=5; 
  Canvas.Pen.Color:=clGreen; 
  HPDFile:=AhaahDirectory+'\Dat\Hearing 
Protectors\StandardDouble.txt'; 
  ReadHPDFile(HPDfile); 
  TimeDomainModel4; 







  for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
  StringGrid1.Cells[1,3]:='1'; 
{  MainMenu1.Items[1].Enabled:=False;} 
  MainMenu1.Items[0].Items[4].Enabled:=False; { Save AHA 
(line is 3)} 
  ProgressBar1.Visible:=True; 
  Edit1.Visible:=True; 
  Edit1.Text:='WARNED'; 
  Application.ProcessMessages; 
  if MovieOpen Then CancelMovieClick(Sender); { Disposes 
previous Ma } 
  if FileOpen then begin 
    {New(Ma);} 
    MovieOpen:=True; 
    PopupMenu1.AutoPopUp:=False; 
    MemDelay1:=-50e-3; 
    CalculateHazard2; 
    Str(500/MaxHazard:1:1,Dstr); 
    StringGrid1.Cells[1,9]:=Dstr; 
    StringGrid1.Cells[2,9]:=HazStr+' A.R.U.'; 
    Application.ProcessMessages; 
    NewItem2:=TMenuItem.Create(MainMenu1); 
    NewItem2.Caption:='Movie[Cancel ,'; 
    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem2); 
    NewItem2.OnClick:=CancelMovieClick; 
    NewItem:=TMenuItem.Create(MainMenu1); 
    NewItem.Caption:='Stapes Displacement]'; 
    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem); 
    NewItem.OnClick:=AnimateClick; 
  end; 
  PopupMenu1.AutoPopUp:=True; 
  MainMenu1.Items[1].Enabled:=True; 
  Application.ProcessMessages; 
end; 
 
procedure TForm1.DoubleprotectionUnwarnedClick(Sender: 
TObject); 
var 
  Message1:word; 
  NewItem,NewItem2 : TMenuItem; 
  Choice : string; 
begin 
  MainMenu1.Items[1].Enabled:=False; {Analyze} 
  MainMenu1.Items[1].Enabled:=False; {Analyze} 
  for J:=0 to SizeS1 do Sig[J]:=ISig[J]; 
  PlotNew:=True; 
  PressureTimePlot; 
  PlotNew:=False; 
  OverlayColor:=5; 
  Canvas.Pen.Color:=clGreen; 







  HPDFile:=AhaahDirectory+'\Dat\Hearing 
Protectors\StandardDouble.txt'; 
  ReadHPDFile(HPDfile); 
  TimeDomainModel4; 
  for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
  StringGrid1.Cells[1,3]:='1'; 
{  MainMenu1.Items[1].Enabled:=False;} 
  MainMenu1.Items[0].Items[4].Enabled:=False; { Save AHA 
(line is 3)} 
  ProgressBar1.Visible:=True; 
  Edit1.Visible:=True;  
  Edit1.Text:='WARNED'; 
  Application.ProcessMessages; 
  if MovieOpen Then CancelMovieClick(Sender); { Disposes 
previous Ma } 
  if FileOpen then begin 
    {New(Ma);} 
    MovieOpen:=True; 
    PopupMenu1.AutoPopUp:=False; 
    MemDelay1:=MemDelay; 
    CalculateHazard2; 
    Str(500/MaxHazard:1:1,Dstr); 
    StringGrid1.Cells[1,10]:=Dstr; 
    StringGrid1.Cells[2,10]:=HazStr+' A.R.U.'; 
    Application.ProcessMessages; 
    NewItem2:=TMenuItem.Create(MainMenu1); 
    NewItem2.Caption:='Movie[Cancel ,'; 
    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem2); 
    NewItem2.OnClick:=CancelMovieClick; 
    NewItem:=TMenuItem.Create(MainMenu1); 
    NewItem.Caption:='Stapes Displacement]'; 
    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem); 
    NewItem.OnClick:=AnimateClick; 
  end; 
  PopupMenu1.AutoPopUp:=True; 
  MainMenu1.Items[1].Enabled:=True; 
  Application.ProcessMessages; 
end; 
 
procedure TForm1.CustomprotectorWarnedClick(Sender: 
TObject); 
var 
  Message1:word; 
  NewItem,NewItem2 : TMenuItem; 
  Choice : string; 
begin 
  MainMenu1.Items[1].Enabled:=False; {Analyze} 
  for J:=0 to SizeS1 do Sig[J]:=ISig[J]; 
  PlotNew:=True; 
  PressureTimePlot; 
  PlotNew:=False; 







  OverlayColor:=5; 
  Canvas.Pen.Color:=clGreen; 
  OpenDialog1.InitialDir:=AhaahDirectory+'\Dat\Hearing 
Protectors\Custom HPDs\'; 
  OpenDialog1.filename:=''; 
  OpenDialog1.Filter:='Hearing Protector 
Device(*.txt)|*.txt|All Files|*.*'; 
  Timer1.enabled:=True; 
  SaveForm; 
  if OpenDialog1.Execute then begin 
    HPDfile:=ExtractFileName(OpenDialog1.Filename); 
    HPDfile2:=HPDfile; 
  end; 
  RestoreForm; 
  HPDFile:=AhaahDirectory+'\Dat\Hearing Protectors\Custom 
HPDs\'+HPDFile; 
  ReadHPDFile(HPDfile); 
  TimeDomainModel4; 
  for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
  StringGrid1.Cells[1,3]:='1'; 
{  MainMenu1.Items[1].Enabled:=False;} 
  MainMenu1.Items[0].Items[4].Enabled:=False; { Save AHA 
(line is 3)} 
  ProgressBar1.Visible:=True; 
  Edit1.Visible:=True; 
  Edit1.Text:='WARNED'; 
  Application.ProcessMessages; 
  if MovieOpen Then CancelMovieClick(Sender); { Disposes 
previous Ma } 
  if FileOpen then begin 
    {New(Ma);} 
    MovieOpen:=True; 
    PopupMenu1.AutoPopUp:=False; 
    MemDelay1:=-50e-3; 
    CalculateHazard2; 
    Str(500/MaxHazard:1:1,Dstr); 
    StringGrid1.Cells[0,9]:='Custom warned for a '+HPDFile2; 
    StringGrid1.Cells[1,9]:=Dstr; 
    StringGrid1.Cells[2,9]:=HazStr+' A.R.U. custom 
protection warned'; 
    Application.ProcessMessages; 
    NewItem2:=TMenuItem.Create(MainMenu1); 
    NewItem2.Caption:='Movie[Cancel ,'; 
    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem2); 
    NewItem2.OnClick:=CancelMovieClick; 
    NewItem:=TMenuItem.Create(MainMenu1); 
    NewItem.Caption:='Stapes Displacement]'; 
    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem); 
    NewItem.OnClick:=AnimateClick; 
  end; 
  PopupMenu1.AutoPopUp:=True; 
  MainMenu1.Items[1].Enabled:=True; 







  Application.ProcessMessages; 
  OpenDialog1.InitialDir:=CurrentDirectory; 
  OpenDialog1.FileName:=OrigFile; 
end; 
 
procedure TForm1.CustomprotectorUnwarnedClick(Sender: 
TObject); 
var 
  Message1:word; 
  NewItem,NewItem2 : TMenuItem; 
  Choice : string; 
begin 
  for J:=0 to SizeS1 do Sig[J]:=ISig[J]; 
  PlotNew:=True; 
  PressureTimePlot; 
  PlotNew:=False; 
  OverlayColor:=5; 
  Canvas.Pen.Color:=clGreen; 
  OpenDialog1.InitialDir:=AhaahDirectory+'\Dat\Hearing 
Protectors\Custom HPDs\'; 
  OpenDialog1.filename:=''; 
  OpenDialog1.Filter:='Hearing Protector 
Device(*.txt)|*.txt|All Files|*.*'; 
  Timer1.enabled:=True; 
  if OpenDialog1.Execute then begin 
    HPDfile:=ExtractFileName(OpenDialog1.Filename); 
    HPDfile2:=HPDfile; 
  end; 
  HPDFile:=AhaahDirectory+'\Dat\Hearing Protectors\Custom 
HPDs\'+HPDFile; 
  ReadHPDFile(HPDfile); 
  TimeDomainModel4; 
  for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
  StringGrid1.Cells[1,3]:='1'; 
{  MainMenu1.Items[1].Enabled:=False;} 
  MainMenu1.Items[0].Items[4].Enabled:=False; { Save AHA 
(line is 3)} 
  ProgressBar1.Visible:=True; 
  Edit1.Visible:=True; 
  Edit1.Text:='WARNED'; 
  Application.ProcessMessages; 
  if MovieOpen Then CancelMovieClick(Sender); { Disposes 
previous Ma } 
  if FileOpen then begin 
    {New(Ma);} 
    MovieOpen:=True; 
    PopupMenu1.AutoPopUp:=False; 
    MemDelay1:=MemDelay; 
    CalculateHazard2; 
    Str(500/MaxHazard:1:1,Dstr); 







    StringGrid1.Cells[0,10]:='Custom unwarned for a 
'+HPDFile2; 
    StringGrid1.Cells[1,10]:=Dstr; 
    StringGrid1.Cells[2,10]:=HazStr+' A.R.U. custom 
protection warned'; 
    Application.ProcessMessages; 
    NewItem2:=TMenuItem.Create(MainMenu1); 
    NewItem2.Caption:='Movie[Cancel ,'; 
    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem2); 
    NewItem2.OnClick:=CancelMovieClick; 
    NewItem:=TMenuItem.Create(MainMenu1); 
    NewItem.Caption:='Stapes Displacement]'; 
    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem); 
    NewItem.OnClick:=AnimateClick; 
  end; 
  PopupMenu1.AutoPopUp:=True; 
  MainMenu1.Items[1].Enabled:=True; 
  Application.ProcessMessages; 
  OpenDialog1.InitialDir:=CurrentDirectory; 
  OpenDialog1.FileName:=OrigFile; 
end; 
 
procedure TForm1.N7CustomProtectorAdjustCoefficients1Click( 
  Sender: TObject); 
 var 
  Er,Ei,Ir,Ii : array[1..10] of double; 
  F,W,W2,Ow,Re,Im,Mag : double; 
begin 
  OpenDialog1.InitialDir:=AhaahDirectory+'\Dat\Hearing 
Protectors\Custom HPDs\'; 
  OpenDialog1.filename:=''; 
  OpenDialog1.Filter:='Hearing Protector 
Device(*.txt)|*.txt|All Files|*.*'; 
  if OpenDialog1.Execute then begin 
    HPDfile:=ExtractFileName(OpenDialog1.Filename); 
  end; 
  HPDFile:=AhaahDirectory+'\Dat\Hearing Protectors\Custom 
HPDs\'+HPDFile; 
  ReadHPDFile(HPDfile); 
  Pi2:=2*Pi; 
  for N:=1 to 10 do begin 
    case N of 
      1: begin Delta:=Ln(10)/100;  Nn:=10 end; 
      2: begin Delta:=Ln(10)/1000; Nn:=10 end; 
      3: begin Delta:=Ln(10)/10;   Nn:=10 end; 
      4: begin Delta:=Ln(10)/100;  Nn:=20 end; 
      5: begin Delta:=Ln(10)/1000; Nn:=20 end; 
      6: begin Delta:=Ln(10)/10;   Nn:=20 end; 
      7: begin Delta:=Ln(10)/100;  Nn:=100 end; 
      8: begin Delta:=Ln(10)/1000; Nn:=100 end; 
      9: begin Delta:=Ln(10)/10;   Nn:=100 end; 







      10: begin Delta:=Ln(10)/100; Nn:=100 end; 
    end; 
    for K:=2 to 14 do begin 
      case K of 
        1:Temp:=Kcup; 
        2:Temp:=Lcup; 
        3:Temp:=Kskin; 
        4:Temp:=Rskin; 
        5:Temp:=Kmat; 
        6:Temp:=Lmat; 
        7:Temp:=Rmat; 
        8:Temp:=Lleak; 
        9:Temp:=Rleak; 
       10:Temp:=Kcush; 
       11:Temp:=Rcush; 
       12:Temp:=Kmat2; 
       13:Temp:=Lmat2; 
       14:Temp:=Rmat2; 
      end; 
      for Kk:=-Nn to Nn do begin 
        Factor:=Exp(Kk*Delta); 
        case K of 
          1:Kcup:=Temp*Factor; 
          2:Lcup:=Temp*Factor; 
          3:Kskin:=Temp*factor; 
          4:Rskin:=Temp*Factor; 
          5:Kmat:=Temp*Factor; 
          6:Lmat:=Temp*Factor; 
          7:Rmat:=Temp*Factor; 
          8:Lleak:=Temp*Factor; 
          9:Rleak:=Temp*Factor; 
         10:Kcush:=Temp*Factor; 
         11:Rcush:=Temp*factor; 
         12:Kmat2:=Temp*Factor; 
         13:Lmat2:=Temp*Factor; 
         14:Rmat2:=Temp*Factor; 
        end; 
        Ssum:=0; 
        for J:=0 to Nhpd do begin 
          W:=Pi2*Hpd[J,0];  W2:=W*W; Ow:=1/W; 
          Ir[2]:=1;            Ii[2]:=0; 
          ComplexMul(Ir[2],Ii[2],Rskin,-
Ow*Kskin,Er[2],Ei[2]); 
          ComplexDiv(Er[2],Ei[2],Rcush,-
Ow*Kcush,Ir[3],Ii[3]); 
          Ir[1]:=Ir[2]+Ir[3];  Ii[1]:=Ii[2]+Ii[3]; 
          ComplexMul(Ir[1],Ii[1],0,W*Lcup,Er[3],Ei[3]); 
          Er[4]:=Er[2]+Er[3];  Ei[4]:=Ei[2]+Ei[3]; 
          
ComplexDiv(Er[4],Ei[4],Rleak,W*Lleak,Ir[4],Ii[4]); 
          ComplexDiv(Er[4],Ei[4],Rmat,W*Lmat-
Ow*Kmat,Ir[5],Ii[5]); 







          ComplexDiv(Er[4],Ei[4],Rmat2,W*Lmat2-
Ow*Kmat2,Ir[6],Ii[6]); 
          Ir[7]:=Ir[1]+Ir[4]+Ir[5]+Ir[6];  
Ii[7]:=Ii[1]+Ii[4]+Ii[5]+Ii[6]; 
          ComplexMul(Ir[7],Ii[7],0,-Ow*Kcup,Er[6],Ei[6]); 
          Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
          ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
          Mag:=10*log10(Sqr(Re)+Sqr(Im)); 
          Ssum:=Ssum+Sqr(Hpd[J,1]-Mag); 
        end; 
        if Kk=-Nn then begin 
          Ssum1:=Ssum; Kr:=Kk 
        end else begin 
          if Ssum<Ssum1 then begin Ssum1:=Ssum; Kr:=Kk end; 
        end; 
      end;{Kk} 
      Factor:=Exp(Kr*Delta); 
      case K of 
        1:Kcup:=Temp*Factor; 
        2:Lcup:=Temp*Factor; 
        3:Kskin:=Temp*Factor; 
        4:Rskin:=Temp*Factor; 
        5:Kmat:=Temp*Factor; 
        6:Lmat:=Temp*Factor; 
        7:Rmat:=Temp*Factor; 
        8:Lleak:=Temp*Factor; 
        9:Rleak:=Temp*Factor; 
       10:Kcush:=Temp*Factor; 
       11:Rcush:=Temp*Factor; 
       12:Kmat2:=Temp*Factor; 
       13:Lmat2:=Temp*Factor; 
       14:Rmat2:=Temp*Factor; 
      end; 
    end;{K} 
  end; {N} 
  UpdateHPDFile(HPDfile); 
  OpenDialog1.InitialDir:=AhaahDirectory; 
  OpenDialog1.FileName:='';{OrigFile}; 
end; 
 
procedure TForm1.PlotEaPlugModel; 
var 
  Er,Ei,Ir,Ii : array[1..10] of double; 
  F,F1,W,W2,Ow,Re,Im,Mag,Phase,Alpha,Q : double; 
  Fmax,Ytop,Ybottom,Yinc : single; 
  I,Nav,SizeS1a : integer; 
  Title1,Dummy : string; 
begin 
  Pi2:=2*Pi; 
  Y2max:=10; 
  Y2min:=Y2max-70; 







  Y2step:=StepSize((Y2max-Y2min)/30);  Ny:=5; 
  SizeS1a:=8000; 
  Dt2:=20e-6; 
  Nn:=SizeS1a+1; 
  F1:=1/(Nn*Dt2); 
  Fmax:=0.5/Dt2; 
  X2min:=Log10(F1); X2max:=Log10(Fmax); 
  St:='EARMUFF PRESSURE TRANSFER FUNCTION'; 
  St1:='DB'; 
  Y2offset:=0; 
  PlotLogAxes3; 
  for K:=0 to Nhpd do 
    PlotPoly2(log10(H[0,K]),H[Jj,K],3); 
 
  Kcup:=1/H[Jj,Nhpd+1]; 
  Lcup:=H[Jj,Nhpd+2]; 
  Kskin:=1/H[Jj,Nhpd+3]; 
  Rskin:=H[Jj,Nhpd+4]; 
  Kmat:=1/H[Jj,Nhpd+5]; 
  Lmat:=H[Jj,Nhpd+6]; 
  Rmat:=H[Jj,Nhpd+7]; 
  Lleak:=H[Jj,Nhpd+8]; 
  Rleak:=H[Jj,Nhpd+9]; 
  Kcush:=1/H[Jj,Nhpd+10]; 
  Rcush:=H[Jj,Nhpd+11]; 
  Kmat2:=1/H[Jj,Nhpd+12]; 
  Lmat2:=H[Jj,Nhpd+13]; 
  Rmat2:=H[Jj,Nhpd+14]; 
  with Canvas do begin 
    Pen.Color:=clGray; 
    Pen.Style:=psDot; 
    Xx:=log10(F1);   Yy:=0; Scale2; MoveTo(Xin,Yin); 
    Xx:=log10(Fmax); Yy:=0; Scale2; LineTo(Xin,Yin); 
    Pen.Style:=psSolid; 
    Pen.Mode:=pmcopy;  { Pen.Color:=clSilver;} 
    Pen.Color:=clLime; { Total transfer } 
    for I:=1 to Nn div 2 do begin 
      F:=F1*I; 
      W:=Pi2*F;  W2:=W*W; Ow:=1/W; 
      Ir[2]:=1;            Ii[2]:=0; 
      ComplexMul(Ir[2],Ii[2],Rskin,-Ow*Kskin,Er[2],Ei[2]); 
      ComplexDiv(Er[2],Ei[2],Rcush,-Ow*Kcush,Ir[3],Ii[3]); 
      Ir[1]:=Ir[2]+Ir[3];  Ii[1]:=Ii[2]+Ii[3]; 
      ComplexMul(Ir[1],Ii[1],0,W*Lcup,Er[3],Ei[3]); 
      Er[4]:=Er[2]+Er[3];  Ei[4]:=Ei[2]+Ei[3]; 
      ComplexDiv(Er[4],Ei[4],Rleak,W*Lleak,Ir[4],Ii[4]); 
      ComplexDiv(Er[4],Ei[4],Rmat,W*Lmat-
Ow*Kmat,Ir[5],Ii[5]); 
      ComplexDiv(Er[4],Ei[4],Rmat2,W*Lmat2-
Ow*Kmat2,Ir[6],Ii[6]); 







      Ir[7]:=Ir[1]+Ir[4]+Ir[5]+Ir[6];  
Ii[7]:=Ii[1]+Ii[4]+Ii[5]+Ii[6]; 
      ComplexMul(Ir[7],Ii[7],0,-Ow*Kcup,Er[6],Ei[6]); 
      Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
      ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Xx:=log10(F); Yy:=20*Log10(Mag); 
      Scale2; if I=1 then 
        MoveTo(Xin,Yin) 
      else 
        LineTo(Xin,Yin); 
    end; 
    Pen.Color:=clGray;  { Mass Piston } 
    for I:=1 to Nn div 2 do begin 
      F:=F1*I; 
      W:=Pi2*F;  W2:=W*W; Ow:=1/W; 
      Ir[2]:=1;            Ii[2]:=0; 
      ComplexMul(Ir[2],Ii[2],Rskin,-Ow*Kskin,Er[2],Ei[2]); 
      ComplexDiv(Er[2],Ei[2],Rcush,-Ow*Kcush,Ir[3],Ii[3]); 
      Ir[1]:=Ir[2]+Ir[3];  Ii[1]:=Ii[2]+Ii[3]; 
      ComplexMul(Ir[1],Ii[1],0,W*Lcup,Er[3],Ei[3]); 
      Er[4]:=Er[2]+Er[3];  Ei[4]:=Ei[2]+Ei[3]; 
      Ir[6]:=Ir[1];        Ii[6]:=Ii[1]; 
      ComplexMul(Ir[6],Ii[6],0,-Ow*Kcup,Er[6],Ei[6]); 
      Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
      ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Xx:=log10(F); Yy:=20*Log10(Mag); 
      Scale2; if I=1 then 
        MoveTo(Xin,Yin) 
      else 
        LineTo(Xin,Yin); 
    end; 
    Pen.Color:=clBlue;  {Leak} 
    for I:=1 to Nn div 2 do begin 
      F:=F1*I; 
      W:=Pi2*F;  W2:=W*W; Ow:=1/W; 
      Ir[4]:=1;            Ii[4]:=0; 
      ComplexMul(Ir[4],Ii[4],Rleak,W*Lleak,Er[4],Ei[4]); 
      Ir[6]:=Ir[4];  Ii[6]:=Ii[4]; 
      ComplexMul(Ir[6],Ii[6],0,-Ow*Kcup,Er[6],Ei[6]); 
      Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
      ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Xx:=log10(F); Yy:=20*Log10(Mag); 
      Scale2; if I=1 then 
        MoveTo(Xin,Yin) 
      else 
        LineTo(Xin,Yin); 
    end; 
    Pen.Color:=clBlack;  { Material } 
    for I:=1 to Nn div 2 do begin 







      F:=F1*I; 
      W:=Pi2*F;  W2:=W*W; Ow:=1/W; 
      Ir[4]:=1;            Ii[4]:=0; 
      ComplexMul(Ir[4],Ii[4],Rmat,W*Lmat-
Ow*Kmat,Er[4],Ei[4]); 
      Ir[6]:=Ir[4];  Ii[6]:=Ii[4]; 
      ComplexMul(Ir[6],Ii[6],0,-Ow*Kcup,Er[6],Ei[6]); 
      Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
      ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Xx:=log10(F); Yy:=20*Log10(Mag); 
      Scale2; if I=1 then 
        MoveTo(Xin,Yin) 
      else 
        LineTo(Xin,Yin); 
    end; 
    Pen.Color:=clPurple;  { Material2 } 
    for I:=1 to Nn div 2 do begin 
      F:=F1*I; 
      W:=Pi2*F;  W2:=W*W; Ow:=1/W; 
      Ir[4]:=1;            Ii[4]:=0; 
      ComplexMul(Ir[4],Ii[4],Rmat2,W*Lmat2-
Ow*Kmat2,Er[4],Ei[4]); 
      Ir[6]:=Ir[4];  Ii[6]:=Ii[4]; 
      ComplexMul(Ir[6],Ii[6],0,-Ow*Kcup,Er[6],Ei[6]); 
      Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
      ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Xx:=log10(F); Yy:=20*Log10(Mag); 
      Scale2; if I=1 then 
        MoveTo(Xin,Yin) 
      else 
        LineTo(Xin,Yin); 
    end; 
    Xx:=0.95*X2min+0.05*X2max; 
    Ytop:=0.7; Ybottom:=0.9; Yinc:=(Ybottom-Ytop)/4; 
    Yy:=Ytop*Y2min+(1-Ytop)*Y2max; 
    Scale2; 
    Kk:=0; 
    Font.Color:=clLime; 
    St:='COMBINED LOSS'; 
    LabelOut(Xin,Yin,Kk,St); 
    Yy:=(Ytop+1*Yinc)*Y2min+(1-Ytop-1*Yinc)*Y2max; 
    Scale2; 
    Kk:=0; 
    Font.Color:=clGray; 
    St:='1. EAR-PLUG AS RIGID PISTON'; 
    LabelOut(Xin,Yin,Kk,St); 
    Yy:=(Ytop+2*Yinc)*Y2min+(1-Ytop-2*Yinc)*Y2max; 
    Scale2; 
    Kk:=0; 
    Font.Color:=clBlue; 







    St:='2. LEAKAGE AROUND EAR-PLUG'; 
    LabelOut(Xin,Yin,Kk,St); 
    Yy:=(Ytop+3*Yinc)*Y2min+(1-Ytop-3*Yinc)*Y2max; 
    Scale2; 
    Kk:=0; 
    Font.Color:=clBlack; 
    St:='3. MATERIAL DEFORMATION'; 
    LabelOut(Xin,Yin,Kk,St); 
    Yy:=(Ytop+4*Yinc)*Y2min+(1-Ytop-4*Yinc)*Y2max; 
    Scale2; 
    Kk:=0; 
    Font.Color:=clPurple; 
    St:=''; {'MATERIAL DEFORMATION 2';} 
//    LabelOut(Xin,Yin,Kk,St); 
 
 
    Font.Color:=clBlack; 
    Str((Jj-2) div 4 + 1:0,St); 
    Str((Jj-2) mod 4 + 1:0,St1); 
    Yy:=(Ytop-1*Yinc)*Y2min+(1-Ytop+1*Yinc)*Y2max; 
    Scale2; 
    Kk:=0; 
    LabelOut(Xin,Yin,Kk,'Subject '+St+' Trial '+St1); 
 
    Xx:=0.5*X2min+0.5*X2max; 
    Yy:=0.07*Y2min+0.93*Y2max; 
    Scale2; 
    Kk:=0; 
    Font.Color:=clBlack; 
    St:=Dstr8; 
    LabelOut(Xin,Yin,Kk,St); 
 
 
 
  end; 
end; 
 
procedure TForm1.PlotEaMuffModel; 
var 
  Er,Ei,Ir,Ii : array[1..10] of double; 
  F,F1,W,W2,Ow,Re,Im,Mag,Phase,Alpha,Q : double; 
  Fmax,Ytop,Ybottom,Yinc : single; 
  I,Nav,SizeS1a : integer; 
  Title1,Dummy : string; 
begin 
  Pi2:=2*Pi; 
  Y2max:=10; 
  Y2min:=Y2max-70; 
  Y2step:=StepSize((Y2max-Y2min)/30);  Ny:=5; 
  SizeS1a:=8000; 
  Dt2:=20e-6; 







  Nn:=SizeS1a+1; 
  F1:=1/(Nn*Dt2); 
  Fmax:=0.5/Dt2; 
  X2min:=Log10(F1); X2max:=Log10(Fmax); 
  St:='EARMUFF PRESSURE TRANSFER FUNCTION'; 
  St1:='DB'; 
  Y2offset:=0; 
  PlotLogAxes3; 
  for K:=0 to Nhpd do 
    PlotPoly2(log10(H[0,K]),H[Jj,K],3); 
 
  Kcup:=1/H[Jj,Nhpd+1]; 
  Lcup:=H[Jj,Nhpd+2]; 
  Kskin:=1/H[Jj,Nhpd+3]; 
  Rskin:=H[Jj,Nhpd+4]; 
  Kmat:=1/H[Jj,Nhpd+5]; 
  Lmat:=H[Jj,Nhpd+6]; 
  Rmat:=H[Jj,Nhpd+7]; 
  Lleak:=H[Jj,Nhpd+8]; 
  Rleak:=H[Jj,Nhpd+9]; 
  Kcush:=1/H[Jj,Nhpd+10]; 
  Rcush:=H[Jj,Nhpd+11]; 
  Kmat2:=1/H[Jj,Nhpd+12]; 
  Lmat2:=H[Jj,Nhpd+13]; 
  Rmat2:=H[Jj,Nhpd+14]; 
  with Canvas do begin 
    Pen.Color:=clGray; 
    Pen.Style:=psDot; 
    Xx:=log10(F1);   Yy:=0; Scale2; MoveTo(Xin,Yin); 
    Xx:=log10(Fmax); Yy:=0; Scale2; LineTo(Xin,Yin); 
    Pen.Style:=psSolid; 
    Pen.Mode:=pmcopy;  { Pen.Color:=clSilver;} 
    Pen.Color:=clLime; { Total transfer } 
    for I:=1 to Nn div 2 do begin 
      F:=F1*I; 
      W:=Pi2*F;  W2:=W*W; Ow:=1/W; 
      Ir[2]:=1;            Ii[2]:=0; 
      ComplexMul(Ir[2],Ii[2],Rskin,-Ow*Kskin,Er[2],Ei[2]); 
      ComplexDiv(Er[2],Ei[2],Rcush,-Ow*Kcush,Ir[3],Ii[3]); 
      Ir[1]:=Ir[2]+Ir[3];  Ii[1]:=Ii[2]+Ii[3]; 
      ComplexMul(Ir[1],Ii[1],0,W*Lcup,Er[3],Ei[3]); 
      Er[4]:=Er[2]+Er[3];  Ei[4]:=Ei[2]+Ei[3]; 
      ComplexDiv(Er[4],Ei[4],Rleak,W*Lleak,Ir[4],Ii[4]); 
      ComplexDiv(Er[4],Ei[4],Rmat,W*Lmat-
Ow*Kmat,Ir[5],Ii[5]); 
      ComplexDiv(Er[4],Ei[4],Rmat2,W*Lmat2-
Ow*Kmat2,Ir[6],Ii[6]); 
      Ir[7]:=Ir[1]+Ir[4]+Ir[5]+Ir[6];  
Ii[7]:=Ii[1]+Ii[4]+Ii[5]+Ii[6]; 
      ComplexMul(Ir[7],Ii[7],0,-Ow*Kcup,Er[6],Ei[6]); 
      Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 







      ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Xx:=log10(F); Yy:=20*Log10(Mag); 
      Scale2; if I=1 then 
        MoveTo(Xin,Yin) 
      else 
        LineTo(Xin,Yin); 
    end; 
    Pen.Color:=clGray;  { Mass Piston } 
    for I:=1 to Nn div 2 do begin 
      F:=F1*I; 
      W:=Pi2*F;  W2:=W*W; Ow:=1/W; 
      Ir[2]:=1;            Ii[2]:=0; 
      ComplexMul(Ir[2],Ii[2],Rskin,-Ow*Kskin,Er[2],Ei[2]); 
      ComplexDiv(Er[2],Ei[2],Rcush,-Ow*Kcush,Ir[3],Ii[3]); 
      Ir[1]:=Ir[2]+Ir[3];  Ii[1]:=Ii[2]+Ii[3]; 
      ComplexMul(Ir[1],Ii[1],0,W*Lcup,Er[3],Ei[3]); 
      Er[4]:=Er[2]+Er[3];  Ei[4]:=Ei[2]+Ei[3]; 
      Ir[6]:=Ir[1];        Ii[6]:=Ii[1]; 
      ComplexMul(Ir[6],Ii[6],0,-Ow*Kcup,Er[6],Ei[6]); 
      Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
      ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Xx:=log10(F); Yy:=20*Log10(Mag); 
      Scale2; if I=1 then 
        MoveTo(Xin,Yin) 
      else 
        LineTo(Xin,Yin); 
    end; 
    Pen.Color:=clBlue;  {Leak} 
    for I:=1 to Nn div 2 do begin 
      F:=F1*I; 
      W:=Pi2*F;  W2:=W*W; Ow:=1/W; 
      Ir[4]:=1;            Ii[4]:=0; 
      ComplexMul(Ir[4],Ii[4],Rleak,W*Lleak,Er[4],Ei[4]); 
      Ir[6]:=Ir[4];  Ii[6]:=Ii[4]; 
      ComplexMul(Ir[6],Ii[6],0,-Ow*Kcup,Er[6],Ei[6]); 
      Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
      ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Xx:=log10(F); Yy:=20*Log10(Mag); 
      Scale2; if I=1 then 
        MoveTo(Xin,Yin) 
      else 
        LineTo(Xin,Yin); 
    end; 
    Pen.Color:=clBlack;  { Material } 
    for I:=1 to Nn div 2 do begin 
      F:=F1*I; 
      W:=Pi2*F;  W2:=W*W; Ow:=1/W; 
      Ir[4]:=1;            Ii[4]:=0; 







      ComplexMul(Ir[4],Ii[4],Rmat,W*Lmat-
Ow*Kmat,Er[4],Ei[4]); 
      Ir[6]:=Ir[4];  Ii[6]:=Ii[4]; 
      ComplexMul(Ir[6],Ii[6],0,-Ow*Kcup,Er[6],Ei[6]); 
      Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
      ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Xx:=log10(F); Yy:=20*Log10(Mag); 
      Scale2; if I=1 then 
        MoveTo(Xin,Yin) 
      else 
        LineTo(Xin,Yin); 
    end; 
    Pen.Color:=clPurple;  { Material2 } 
    for I:=1 to Nn div 2 do begin 
      F:=F1*I; 
      W:=Pi2*F;  W2:=W*W; Ow:=1/W; 
      Ir[4]:=1;            Ii[4]:=0; 
      ComplexMul(Ir[4],Ii[4],Rmat2,W*Lmat2-
Ow*Kmat2,Er[4],Ei[4]); 
      Ir[6]:=Ir[4];  Ii[6]:=Ii[4]; 
      ComplexMul(Ir[6],Ii[6],0,-Ow*Kcup,Er[6],Ei[6]); 
      Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
      ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Xx:=log10(F); Yy:=20*Log10(Mag); 
      Scale2; if I=1 then 
        MoveTo(Xin,Yin) 
      else 
        LineTo(Xin,Yin); 
    end; 
    Xx:=0.95*X2min+0.05*X2max; 
    Ytop:=0.7; Ybottom:=0.9; Yinc:=(Ybottom-Ytop)/4; 
    Yy:=Ytop*Y2min+(1-Ytop)*Y2max; 
    Scale2; 
    Kk:=0; 
    Font.Color:=clLime; 
    St:='TOTAL LOSS'; 
    LabelOut(Xin,Yin,Kk,St); 
    Yy:=(Ytop+1*Yinc)*Y2min+(1-Ytop-1*Yinc)*Y2max; 
    Scale2; 
    Kk:=0; 
    Font.Color:=clGray; 
    St:='EARMUFF AS RIGID PISTON'; 
    LabelOut(Xin,Yin,Kk,St); 
    Yy:=(Ytop+2*Yinc)*Y2min+(1-Ytop-2*Yinc)*Y2max; 
    Scale2; 
    Kk:=0; 
    Font.Color:=clBlue; 
    St:='LEAKAGE AROUND EARMUFF'; 
    LabelOut(Xin,Yin,Kk,St); 
    Yy:=(Ytop+3*Yinc)*Y2min+(1-Ytop-3*Yinc)*Y2max; 







    Scale2; 
    Kk:=0; 
    Font.Color:=clBlack; 
    St:='MATERIAL DEFORMATION'; 
    LabelOut(Xin,Yin,Kk,St); 
    Yy:=(Ytop+4*Yinc)*Y2min+(1-Ytop-4*Yinc)*Y2max; 
    Scale2; 
    Kk:=0; 
    Font.Color:=clPurple; 
    St:='MATERIAL DEFORMATION 2'; 
//    LabelOut(Xin,Yin,Kk,St); 
 
    Font.Color:=clBlack; 
    Str((Jj-2) div 4 + 1:0,St); 
    Str((Jj-2) mod 4 + 1:0,St1); 
    Yy:=(Ytop-1*Yinc)*Y2min+(1-Ytop+1*Yinc)*Y2max; 
    Scale2; 
    Kk:=0; 
    LabelOut(Xin,Yin,Kk,'Subject '+St+' Trial '+St1); 
 
    Xx:=0.5*X2min+0.5*X2max; 
    Yy:=0.07*Y2min+0.93*Y2max; 
    Scale2; 
    Kk:=0; 
    Font.Color:=clBlack; 
    St:=Dstr8; 
    LabelOut(Xin,Yin,Kk,St); 
  end; 
end; 
 
procedure TForm1.MultipleFitEAHPDModelClick(Sender: 
TObject); 
var 
  Er,Ei,Ir,Ii : array[1..10] of double; 
  F,W,W2,Ow,Re,Im,Mag,Phase,Alpha,Q : double; 
  Fmax,Ytop,Ybottom,Yinc : single; 
  I,Nav : integer; 
begin 
  OpenDialog1.InitialDir:=AhaahDirectory+'\Dat\Hearing 
Protectors'; 
  OpenDialog1.filename:=''; 
  OpenDialog1.Filter:='Hearing Protector 
Device(*.txt)|*.txt|All Files|*.*'; 
  if OpenDialog1.Execute then begin 
    HPDfile:=ExtractFileName(OpenDialog1.Filename); 
    HPDFile:=AhaahDirectory+'\Dat\Hearing 
Protectors\'+HPDFile; 
    AssignFile(InFText,HPDfile); Reset(InFText); 
    St:=HPDfile; 
    J:=Pos('.',St); 
    Dec(J); 







    St3:=Copy(St,1,J); 
    FileName:=St3; 
    FileName:=FileName+'0.txt'; 
    AssignFile(OutFText,FileName);  Rewrite(OutFText); 
    J:=0; 
    while not Eoln(InFText) do begin 
      Read(InFText,Hpd[J,0]); 
      Str(Hpd[J,0]:0:0,St); 
      Write(OutFText,St+#9); 
      H[0,J]:=Hpd[J,0]; 
      Inc(J) 
    end; 
    ReadLn(InFText); 
    
Write(OutFText,'Ccup',#9,'Lcup',#9,'Cskin',#9,'Rskin',#9,'C
mat',#9); 
    
Write(OutFText,'Lmat',#9,'Rmat',#9,'Lleak',#9,'Rleak',#9,'C
cush',#9); 
    
WriteLn(OutFText,'Rcush',#9,'Cmat2',#9,'Lmat2',#9,'Rmat2'); 
    Nhpd:=J-1; 
    Pi2:=2*Pi; 
    Jj:=1; 
    while not Eof(InFText) do begin 
      ReadHPDFile(AhaahDirectory+'\Dat\Hearing 
Protectors\StandardSingleOrig.txt'); 
    {  ReadHPDFile(AhaahDirectory+'\Dat\Hearing 
Protectors\EarCalEARSF1SY2.txt');} 
      for J:=0 to Nhpd do begin 
        Read(InFText,Hpd[J,1]); 
        Hpd[J,1]:=-Hpd[J,1]; 
        Str(Hpd[J,1]:0:0,St); 
        Write(OutFText,St+#9); 
        H[Jj,J]:=Hpd[J,1]; 
      end; 
      ReadLn(InFText); 
      for N:=1 to 10 do begin 
        case N of 
          1: begin Delta:=Ln(10)/1000; Nn:=10 end; 
          2: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          3: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          4: begin Delta:=Ln(10)/1;    Nn:=10 end; 
          5: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          6: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          7: begin Delta:=Ln(10)/1000; Nn:=10 end; 
          8: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          9: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          10: begin Delta:=Ln(10)/100;   Nn:=10 end; 
        end; {case} 
        for K:=2 to 11 do begin 
          case K of 







            1:Temp:=Lcup; 
            2:Temp:=Kcup; 
            3:Temp:=Kskin; 
            4:Temp:=Rskin; 
            5:Temp:=Kmat; 
            6:Temp:=Lmat; 
            7:Temp:=Rmat; 
            8:Temp:=Lleak; 
            9:Temp:=Rleak; 
           10:Temp:=Kcush; 
           11:Temp:=Rcush; 
           12:Temp:=Kmat2; 
           13:Temp:=Lmat2; 
           14:Temp:=Rmat2; 
          end; 
          for Kk:=-Nn to Nn do begin 
            Factor:=Exp(Kk*Delta); 
            case K of 
              1:Lcup:=Temp*Factor; 
              2:Kcup:=Temp*Factor; 
              3:Kskin:=Temp*factor; 
              4:Rskin:=Temp*Factor; 
              5:Kmat:=Temp*Factor; 
              6:Lmat:=Temp*Factor; 
              7:Rmat:=Temp*Factor; 
              8:Lleak:=Temp*Factor; 
              9:Rleak:=Temp*Factor; 
             10:Kcush:=Temp*Factor; 
             11:Rcush:=Temp*factor; 
             12:Kmat2:=Temp*Factor; 
             13:Lmat2:=Temp*Factor; 
             14:Rmat2:=Temp*Factor; 
            end; 
            Ssum:=0; 
            for J:=0 to Nhpd do begin 
              W:=Pi2*Hpd[J,0];  W2:=W*W; Ow:=1/W; 
              Ir[2]:=1;            Ii[2]:=0; 
              ComplexMul(Ir[2],Ii[2],Rskin,-
Ow*Kskin,Er[2],Ei[2]); 
              ComplexDiv(Er[2],Ei[2],Rcush,-
Ow*Kcush,Ir[3],Ii[3]); 
              Ir[1]:=Ir[2]+Ir[3];  Ii[1]:=Ii[2]+Ii[3]; 
              ComplexMul(Ir[1],Ii[1],0,W*Lcup,Er[3],Ei[3]); 
              Er[4]:=Er[2]+Er[3];  Ei[4]:=Ei[2]+Ei[3]; 
              
ComplexDiv(Er[4],Ei[4],Rleak,W*Lleak,Ir[4],Ii[4]); 
              ComplexDiv(Er[4],Ei[4],Rmat,W*Lmat-
Ow*Kmat,Ir[5],Ii[5]); 
              ComplexDiv(Er[4],Ei[4],Rmat2,W*Lmat2-
Ow*Kmat2,Ir[6],Ii[6]); 
              Ir[7]:=Ir[1]+Ir[4]+Ir[5]+Ir[6];  
Ii[7]:=Ii[1]+Ii[4]+Ii[5]+Ii[6]; 







              ComplexMul(Ir[7],Ii[7],0,-
Ow*Kcup,Er[6],Ei[6]); 
              Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
              ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
              Mag:=10*log10(Sqr(Re)+Sqr(Im)); 
              Ssum:=Ssum+Sqr(Hpd[J,1]-Mag); 
            end; 
            if Kk=-Nn then begin 
              Ssum1:=Ssum; Kr:=Kk 
            end else begin 
              if Ssum<Ssum1 then begin Ssum1:=Ssum; Kr:=Kk 
end; 
            end; 
          end;{Kk} 
          Factor:=Exp(Kr*Delta); 
          case K of 
            1:Lcup:=Temp*Factor; 
            2:Kcup:=Temp*Factor; 
            3:Kskin:=Temp*Factor; 
            4:Rskin:=Temp*Factor; 
            5:Kmat:=Temp*Factor; 
            6:Lmat:=Temp*Factor; 
            7:Rmat:=Temp*Factor; 
            8:Lleak:=Temp*Factor; 
            9:Rleak:=Temp*Factor; 
           10:Kcush:=Temp*Factor; 
           11:Rcush:=Temp*Factor; 
           12:Kmat2:=Temp*Factor; 
           13:Lmat2:=Temp*Factor; 
           14:Rmat2:=Temp*Factor; 
          end; 
        end;{K} 
 
        Kplus:=Kcup+Kcush; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha<-40 then begin 
          Alpha:=-40; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end; 
        if Alpha>-2 then begin 
          Alpha:=-2; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end; 
        Q:=Sqrt(Lcup*Kplus)/Rcush; 
        if Q>2 {2} then begin 
          Q:=2; 
          Rcush:=Sqrt(Lcup*Kplus)/Q; 
        end; 
        if Q<0.1 then begin 







          Q:=0.1; 
          Rcush:=Sqrt(Lcup*Kplus)/Q; 
        end; 
 
        Kplus:=Kcup+Kcush; 
        F:=1/(2*Pi*Sqrt(Lcup/Kplus)); 
        if F>5000 then begin 
          F:=5000; 
          Lcup:=Kplus/Sqr(2*Pi*F) 
        end; 
        if F<250 then begin 
          F:=250; 
          Lcup:=Kplus/Sqr(2*Pi*F) 
        end; 
        Kplus:=Kcup+Kskin; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha<-40 then begin 
          Alpha:=-40; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kskin:=Kplus-Kcup; 
        end; 
        if Alpha>-2 then begin 
          Alpha:=-2; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kskin:=Kplus-Kcup; 
        end; 
        Q:=Sqrt(Lcup*Kplus)/Rskin; 
        if Q>2 then begin  {2} 
          Q:=2; 
          Rskin:=Sqrt(Lcup*Kplus)/Q; 
        end; 
        if Q<0.1 then begin 
          Q:=0.1; 
          Rskin:=Sqrt(Lcup*Kplus)/Q; 
        end; 
        Kplus:=Kcup+Kskin; 
        F:=1/(2*Pi*Sqrt(Lcup/Kplus)); 
        if F>5000 then begin 
          F:=5000; 
          Lcup:=Kplus/Sqr(2*Pi*F) 
        end; 
        if F<250 then begin 
          F:=250; 
          Lcup:=Kplus/Sqr(2*Pi*F) 
        end; 
        Kplus:=Kcup+Kmat; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha<-60 then begin 
          Alpha:=-60; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat:=Kplus-Kcup; 







        end; 
        if Alpha>-15 then begin 
          Alpha:=-15; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat:=Kplus-Kcup; 
        end; 
        Kplus:=Kcup+Kmat; 
        F:=1/(2*Pi*Sqrt(Lmat/Kplus)); 
        if F>10000 then begin 
          F:=10000; 
          Lmat:=Kplus/Sqr(2*Pi*F) 
        end; 
        Q:=Sqrt(Lmat*Kplus)/Rmat; 
        if Q>5{2.5} then begin 
          Q:=5{2.5}; 
          Rmat:=Sqrt(Lmat*Kplus)/Q; 
        end; 
        if Q<0.2{2.5} then begin 
          Q:=0.2{2.5}; 
          Rmat:=Sqrt(Lmat*Kplus)/Q; 
        end; 
        Kplus:=Kcup+Kmat2; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-70 then begin 
          Alpha:=-70; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat2:=Kplus-Kcup; 
        end; 
        Kplus:=Kcup+Kmat2; 
        F:=1/(2*Pi*Sqrt(Lmat2/Kplus)); 
        if F>10000 then begin 
          F:=10000; 
          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        if F<4000 then begin 
          F:=4000; 
          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        Q:=Sqrt(Lmat2*Kplus)/Rmat2; 
        if Q>1 then begin 
          Q:=1; 
          Rmat2:=Sqrt(Lmat2*Kplus)/Q; 
        end; 
        if Q<0.2 then begin 
          Q:=0.2; 
          Rmat2:=Sqrt(Lmat2*Kplus)/Q; 
        end; 
 
        F:=1/(2*Pi*Sqrt(Lleak/Kcup)); 
        if F<30 then F:=30; {10} 
        if F>150 then F:=150;  {100} 







        Lleak:=Kcup/Sqr(2*Pi*F); 
        Q:=Sqrt(Lleak*Kcup)/Rleak; 
        if Q>0.707 then begin 
          Q:=0.707; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end; 
        if Q<0.1 then begin 
          Q:=0.1; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end; 
 
      end; {N} 
      for K:=1 to 14 do begin 
        case K of 
          1:begin TrimFloat(1/Kcup,St); H[Jj,Nhpd+K]:=1/Kcup 
end; 
          2:begin TrimFloat(Lcup,St);   H[Jj,Nhpd+K]:=Lcup 
end; 
          3:begin 
TrimFloat(1/Kskin,St);H[Jj,Nhpd+K]:=1/Kskin end; 
          4:begin TrimFloat(Rskin,St);  H[Jj,Nhpd+K]:=Rskin 
end; 
          5:begin TrimFloat(1/Kmat,St); H[Jj,Nhpd+K]:=1/Kmat 
end; 
          6:begin TrimFloat(Lmat,St);   H[Jj,Nhpd+K]:=Lmat 
end; 
          7:begin TrimFloat(Rmat,St);   H[Jj,Nhpd+K]:=Rmat 
end; 
          8:begin TrimFloat(Lleak,St);  H[Jj,Nhpd+K]:=Lleak 
end; 
          9:begin TrimFloat(Rleak,St);  H[Jj,Nhpd+K]:=Rleak 
end; 
         10:begin 
TrimFloat(1/Kcush,St);H[Jj,Nhpd+K]:=1/Kcush end; 
         11:begin TrimFloat(Rcush,St);  H[Jj,Nhpd+K]:=Rcush 
end; 
         12:begin 
TrimFloat(1/Kmat2,St);H[Jj,Nhpd+K]:=1/Kmat2 end; 
         13:begin TrimFloat(Lmat2,St);  H[Jj,Nhpd+K]:=Lmat2 
end; 
         14:begin TrimFloat(Rmat2,St);  H[Jj,Nhpd+K]:=Rmat2 
end; 
        end; 
        if K<>14 then 
          Write(OutFText,St,#9) 
        else 
          WriteLn(OutFText,St); 
      end;{K} 
      Str(Jj:0,St2); 
(* 







      AssignFile(OutFText2,St3+'_'+St2+'.txt');  
Rewrite(OutFText2); 
      for K:=1 to 14 do begin 
        case K of 
          1:TrimFloat(1/Kcush,St); 
          2:TrimFloat(Rcush,St); 
          3:TrimFloat(1/Kskin,St); 
          4:TrimFloat(Rskin,St); 
          5:TrimFloat(Lleak,St); 
          6:TrimFloat(Rleak,St); 
          7:TrimFloat(Lcup,St); 
          8:TrimFloat(1/Kcup,st); 
          9:TrimFloat(Rmat,St); 
         10:TrimFloat(Lmat,St); 
         11:TrimFloat(1/Kmat,St); 
         12:TrimFloat(Rmat2,St); 
         13:TrimFloat(Lmat2,St); 
         14:TrimFloat(1/Kmat2,St); 
        end; 
        WriteLn(OutFText2,St); 
      end;{K} 
      WriteLn(OutFText2,'Blank'); 
      WriteLn(OutFText2,'Blank'); 
      WriteLn(OutFText2,'Blank'); 
      for K:=0 to Nhpd do begin 
        Str(Hpd[K,0]*1e-3:3:3,St); 
        Str(Hpd[K,1]:1:1,St1); 
        WriteLn(OutFText2,St+#9+St1+#9+'0.0'); 
      end; 
      CloseFile(OutFText2); 
*) 
      Inc(Jj); 
    end; { while not Eof(InFText) } 
    Neamod:=Jj-1; 
    OpenDialog1.InitialDir:=AhaahDirectory; 
    OpenDialog1.FileName:='';{OrigFile}; 
    CloseFile(InFText); 
    CloseFile(OutFText); 
    Jj:=1; 
    PlotEaPlugModel; 
    with Button8 do begin 
      XlabelHeight:=Trunc(0.09*GraphHeight);{0.13} 
      YlabelWidth:=Trunc(0.0625*GraphWidth); {0.05} 
      PlotWidth:=GraphWidth-1-YlabelWidth; 
      PlotHeight:=GraphHeight-XlabelHeight; 
      Left:=YlabelWidth+Round(0.4*PlotWidth); 
      Top:=Round(1.05*PlotHeight); 
      Visible:=True; 
    end; 
  end; {OpenDialog1.Execute} 
end; 







 
procedure TForm1.Button8Click(Sender: TObject); 
begin 
  Button8.Visible:=False; 
  PopupMenu1.AutoPopUp:=True; 
{  IndexEnabled:=False; } 
end; 
 
procedure TForm1.FormMouseWheelUp(Sender: TObject; Shift: 
TShiftState; 
  MousePos: TPoint; var Handled: Boolean); 
begin 
  Inc(Jj); 
  if Jj>Neamod then Jj:=1; 
  PlotEaPlugModel; 
end; 
 
procedure TForm1.FormMouseWheelDown(Sender: TObject; Shift: 
TShiftState; 
  MousePos: TPoint; var Handled: Boolean); 
begin 
  Dec(Jj); 
  if Jj=0 then Jj:=Neamod; 
  PlotEaPlugModel; 
end; 
 
procedure TForm1.N10Merge1Click(Sender: TObject); 
var 
  X,Y : array[0..8] of single; 
begin 
(* 
  HPDFile:=AhaahDirectory+'\Dat\Hearing 
Protectors\USAARL_BILSOM_MUFF'; 
{  HPDFile:=AhaahDirectory+'\Dat\Hearing 
Protectors\USAARL_EP100';} 
  AssignFile(InFText,HPDfile+'_SF1.Txt'); Reset(InFText); 
  AssignFile(InFText2,HPDfile+'_SF2.Txt'); Reset(InFText2); 
  AssignFile(OutFText,HPDfile+'.Txt'); ReWrite(OutFText); 
  for J:=0 to 6 do Read(InFText,X[J]); 
  for J:=0 to 6 do Read(InFText2,X[J]); 
  for J:=0 to 6 do begin 
    Write(OutFText,X[J]:3:3); 
    if J=6 then WriteLn(OutFText) else Write(OutFText,#9); 
  end; 
  for K:=1 to 24 do begin 
    for J:=0 to 6 do Read(InFText,X[J]); 
    for J:=0 to 6 do Read(InFText,Y[J]); 
    for J:=0 to 6 do begin 
      Write(OutFText,X[J]:1:1); 
      if J=6 then WriteLn(OutFText) else Write(OutFText,#9); 
    end; 







    for J:=0 to 6 do begin 
      Write(OutFText,Y[J]:1:1); 
      if J=6 then WriteLn(OutFText) else Write(OutFText,#9); 
    end; 
    for J:=0 to 6 do Read(InFText2,X[J]); 
    for J:=0 to 6 do Read(InFText2,Y[J]); 
    for J:=0 to 6 do begin 
      Write(OutFText,X[J]:1:1); 
      if J=6 then WriteLn(OutFText) else Write(OutFText,#9); 
    end; 
    for J:=0 to 6 do begin 
      Write(OutFText,Y[J]:1:1); 
      if J=6 then WriteLn(OutFText) else Write(OutFText,#9); 
    end; 
  end; 
  CloseFile(InFText); 
  CloseFile(InFText2); 
  CloseFile(OutFText); 
*) 
end; 
 
procedure TForm1.CompleteSingleAHAMultipleHPD1Click(Sender: 
TObject); 
var 
  Er,Ei,Ir,Ii : array[1..10] of double; 
  F,W,W2,Ow,Re,Im,Mag,Phase,Alpha,Q : double; 
  Fmax,Ytop,Ybottom,Yinc,Ymx,Lp : single; 
  Flen,Hn,Wn,I,Nav,Kbegin,Kend: integer; 
  
St0,St2,St3,Path,Dummy,Round,Channel,FName,Suffix,HPDPath: 
string; 
begin 
  {New(Ma);} 
  StringGrid1.Visible:=False; 
  Edit1.Visible:=False; 
  OpenDialog1.Filter:='Prepared waveforms|*.AHA|All 
Files|*.*'; 
  if OpenDialog1.Execute then begin 
    OrigFile:=OpenDialog1.Filename; 
    RestoreForm; 
    GetDir(0,CurrentDirectory); 
    
FE:=ANSIUpperCase(ExtractFileExt(OpenDialog1.Filename)); 
    
FileName:=ANSIUpperCase(ExtractFileName(OpenDialog1.Filenam
e)); 
    Application.processmessages; 
    FName:=FileName; 
    Flen:=pos('.',FileName); 
    if Flen>0 then SetLength(FName,Flen-1); 
    hn:=Form1.ClientHeight; 







    wn:=Form1.ClientWidth; 
    h1:=Trunc(0.03*hn); 
    w1:=Trunc(0.2*wn); 
    with ProgressBar1 do begin 
      Height:=h1; 
      Top:=hn-Trunc(1.25*h1+0.5*hn); 
      Width:=w1; 
      Left:=0;   {Round((w-w1)/2)} 
      Max:=96; 
      Step:=1; 
      Position:=0; 
      Visible:=False;{True;} 
    end; 
    OpenNewFileType5; 
    Nfft:=Nn div 2; 
    F1:=1/(Nn*Dt); {Fmax:=N*F1; } 
    OpenDialog1.InitialDir:=CurrentDirectory; 
  end; 
  OpenDialog1.InitialDir:=AhaahDirectory+'\Dat\Hearing 
Protectors'; 
  OpenDialog1.filename:=''; 
  OpenDialog1.Filter:='Hearing Protector 
Device(*.txt)|*.txt|All Files|*.*'; 
  if OpenDialog1.Execute then begin 
    RestoreForm; 
    HPDfile:=ExtractFileName(OpenDialog1.Filename); 
    HPDFile:=AhaahDirectory+'\Dat\Hearing 
Protectors\'+HPDFile; 
    AssignFile(InFText,HPDfile); Reset(InFText); 
    St:=HPDfile; 
    J:=Pos('.',St); 
    Dec(J); 
    St3:=Copy(St,1,J); 
    FileName:=St3; 
    FileName:=FileName+'_'+FName+'.txt'; 
    AssignFile(OutFText,FileName);  Rewrite(OutFText); 
    J:=0; 
    Write(OutFText,'Trial'+#9); 
    while not Eoln(InFText) do begin 
      Read(InFText,Hpd[J,0]);   Hpd[J,0]:=1e3*Hpd[J,0]; 
      Str(Hpd[J,0]:3:3,St); 
      Write(OutFText,St+#9); 
      H[0,J]:=Hpd[J,0]; 
      Inc(J) 
    end; 
    ReadLn(InFText); 
    
Write(OutFText,'Ccup',#9,'Lcup',#9,'Cskin',#9,'Rskin',#9,'C
mat',#9); 
    
Write(OutFText,'Lmat',#9,'Rmat',#9,'Lleak',#9,'Rleak',#9,'C
cush',#9); 







    
Write(OutFText,'Rcush',#9,'Cmat2',#9,'Lmat2',#9,'Rmat2',#9)
; 
    
WriteLn(OutFText,'LAeq8hr'+#9+'Na'+#9+'Lp'+#9+'ARU(W)'+#9+'
Nw'+#9+'ARU(U)'+#9+'Nu'); 
    Nhpd:=J-1; 
    Pi2:=2*Pi; 
    Jj:=1; 
    while not Eof(InFText) do begin 
      Kbegin:=1;  Kend:=11; 
      Write(OutFText,Jj:3,#9); 
{      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\StandardSingleOrig.txt');} 
{      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\StandardSingle.txt');} 
      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\Seed_REAT_Values.txt'); 
      for J:=0 to Nhpd do begin  { read for real } 
        Read(InFText,Hpd[J,1]); 
        Hpd[J,1]:=-Hpd[J,1]; 
        Str(Hpd[J,1]:1:1,St); 
        Write(OutFText,St+#9); 
        H[Jj,J]:=Hpd[J,1]; 
      end; 
      ReadLn(InFText); 
 
      for Nfit:=1 to 10 do begin 
        case Nfit of 
          1: begin Delta:=Ln(10)/1000; Nn:=10 end; 
          2: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          3: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          4: begin Delta:=Ln(10)/1;    Nn:=10 end; 
          5: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          6: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          7: begin Delta:=Ln(10)/1000; Nn:=10 end; 
          8: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          9: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          10: begin Delta:=Ln(10)/100;   Nn:=10 end; 
        end; {case} 
        for K:=Kbegin to Kend do begin 
          case K of 
            1:Temp:=Lcup; 
            2:Temp:=Kcup; 
            3:Temp:=Kskin; 
            4:Temp:=Rskin; 
            5:Temp:=Kcush; 
            6:Temp:=Rcush; 
            7:Temp:=Lleak; 
            8:Temp:=Rleak; 
            9:Temp:=Kmat; 







           10:Temp:=Lmat; 
           11:Temp:=Rmat; 
           12:Temp:=Kmat2; 
           13:Temp:=Lmat2; 
           14:Temp:=Rmat2; 
          end; 
          for Kk:=-Nn to Nn do begin 
            Factor:=Exp(Kk*Delta); 
            case K of 
              1:Lcup:=Temp*Factor; 
              2:Kcup:=Temp*Factor; 
              3:Kskin:=Temp*factor; 
              4:Rskin:=Temp*Factor; 
              5:Kcush:=Temp*Factor; 
              6:Rcush:=Temp*factor; 
              7:Lleak:=Temp*Factor; 
              8:Rleak:=Temp*Factor; 
              9:Kmat:=Temp*Factor; 
             10:Lmat:=Temp*Factor; 
             11:Rmat:=Temp*Factor; 
             12:Kmat2:=Temp*Factor; 
             13:Lmat2:=Temp*Factor; 
             14:Rmat2:=Temp*Factor; 
            end; 
            Ssum:=0; 
            for J:=0 to Nhpd do begin 
              W:=Pi2*Hpd[J,0];  W2:=W*W; Ow:=1/W; 
              Ir[2]:=1;            Ii[2]:=0; 
              ComplexMul(Ir[2],Ii[2],Rskin,-
Ow*Kskin,Er[2],Ei[2]); 
              ComplexDiv(Er[2],Ei[2],Rcush,-
Ow*Kcush,Ir[3],Ii[3]); 
              Ir[1]:=Ir[2]+Ir[3];  Ii[1]:=Ii[2]+Ii[3]; 
              ComplexMul(Ir[1],Ii[1],0,W*Lcup,Er[3],Ei[3]); 
              Er[4]:=Er[2]+Er[3];  Ei[4]:=Ei[2]+Ei[3]; 
              
ComplexDiv(Er[4],Ei[4],Rleak,W*Lleak,Ir[4],Ii[4]); 
              ComplexDiv(Er[4],Ei[4],Rmat,W*Lmat-
Ow*Kmat,Ir[5],Ii[5]); 
              ComplexDiv(Er[4],Ei[4],Rmat2,W*Lmat2-
Ow*Kmat2,Ir[6],Ii[6]); 
              Ir[7]:=Ir[1]+Ir[4]+Ir[5]+Ir[6];  
Ii[7]:=Ii[1]+Ii[4]+Ii[5]+Ii[6]; 
              ComplexMul(Ir[7],Ii[7],0,-
Ow*Kcup,Er[6],Ei[6]); 
              Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
              ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
              Mag:=10*log10(Sqr(Re)+Sqr(Im)); 
              Ssum:=Ssum+Sqr(Hpd[J,1]-Mag); 
            end; 
            if Kk=-Nn then begin 
              Ssum1:=Ssum; Kr:=Kk 







            end else begin 
              if Ssum<Ssum1 then begin Ssum1:=Ssum; Kr:=Kk 
end; 
            end; 
          end;{Kk} 
          Factor:=Exp(Kr*Delta); 
          case K of 
            1:Lcup:=Temp*Factor; 
            2:Kcup:=Temp*Factor; 
            3:Kskin:=Temp*Factor; 
            4:Rskin:=Temp*Factor; 
            5:Kcush:=Temp*Factor; 
            6:Rcush:=Temp*Factor; 
            7:Lleak:=Temp*Factor; 
            8:Rleak:=Temp*Factor; 
            9:Kmat:=Temp*Factor; 
           10:Lmat:=Temp*Factor; 
           11:Rmat:=Temp*Factor; 
           12:Kmat2:=Temp*Factor; 
           13:Lmat2:=Temp*Factor; 
           14:Rmat2:=Temp*Factor; 
          end; 
        end;{K} 
 
        Kplus:=Kcup+Kcush; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha<-40{70} then begin 
          Alpha:=-40; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end; 
        if Alpha>-5{70} then begin 
          Alpha:=-5; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end; 
        Q:=Sqrt(Lcup*Kplus)/Rcush; 
        if Q>2{0.7,2.5} then begin 
          Q:=2; 
          Rcush:=Sqrt(Lcup*Kplus)/Q; 
        end; 
        Kplus:=Kcup+Kskin; 
        Q:=Sqrt(Lcup*Kplus)/Rskin; 
        if Q>2 then begin 
          Q:=2; 
          Rskin:=Sqrt(Lcup*Kplus)/Q; 
        end; 
        Kplus:=Kcup+Kskin; 
        F:=1/(2*Pi*Sqrt(Lcup/Kplus)); 
 
        if F>3000 then begin 







          F:=3000; 
          Lcup:=Kplus/Sqr(2*Pi*F) 
        end; 
 
        Alpha:=20*log10(Kcup/KPLUS); 
        if Alpha<-40{70} then begin 
          Alpha:=-40; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kskin:=Kplus-Kcup; 
        end; 
        if Alpha>-5{70} then begin 
          Alpha:=-5; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kskin:=Kplus-Kcup; 
        end; 
      {        end;} 
 
 
        Kplus:=Kcup+Kmat; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha<-50 then begin  {-70} 
          Alpha:=-50; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat:=Kplus-Kcup; 
        end; 
        Kplus:=Kcup+Kmat; 
        F:=1/(2*Pi*Sqrt(Lmat/Kplus)); 
        if F>16000 then begin 
          F:=16000; 
          Lmat:=Kplus/Sqr(2*Pi*F) 
        end; 
        Q:=Sqrt(Lmat*Kplus)/Rmat; 
        if Q>5 {2.5} then begin 
          Q:=5 {2.5}; 
          Rmat:=Sqrt(Lmat*Kplus)/Q; 
        end; 
        Kplus:=Kcup+Kmat2; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-100 then begin 
          Alpha:=-70; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat2:=Kplus-Kcup; 
        end; 
        Kplus:=Kcup+Kmat2; 
        F:=1/(2*Pi*Sqrt(Lmat2/Kplus)); 
        if F>16000 then begin 
          F:=16000; 
          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        if F<4000 then begin 
          F:=4000; 







          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        Q:=Sqrt(Lmat2*Kplus)/Rmat2; 
        if Q>1 then begin 
          Q:=1; 
          Rmat2:=Sqrt(Lmat2*Kplus)/Q; 
        end; 
 
        F:=1/(2*Pi*Sqrt(Lleak/Kcup));            { leak 
restrictions } 
        if F<1 then F:=1{5}; 
        if F>3000 then F:=3000{1000}; 
        Lleak:=Kcup/Sqr(2*Pi*F); 
        Q:=Sqrt(Lleak*Kcup)/Rleak; 
        if Q>1{0.707} then begin 
          Q:=1; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end; 
        if Q<0.1{0.2} then begin 
          Q:=0.1; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end; 
      end; 
      for K:=1 to 14 do begin 
        case K of 
          1:begin TrimFloat(1/Kcup,St); H[Jj,Nhpd+K]:=1/Kcup 
end; 
          2:begin TrimFloat(Lcup,St);   H[Jj,Nhpd+K]:=Lcup 
end; 
          3:begin 
TrimFloat(1/Kskin,St);H[Jj,Nhpd+K]:=1/Kskin end; 
          4:begin TrimFloat(Rskin,St);  H[Jj,Nhpd+K]:=Rskin 
end; 
          5:begin TrimFloat(1/Kmat,St); H[Jj,Nhpd+K]:=1/Kmat 
end; 
          6:begin TrimFloat(Lmat,St);   H[Jj,Nhpd+K]:=Lmat 
end; 
          7:begin TrimFloat(Rmat,St);   H[Jj,Nhpd+K]:=Rmat 
end; 
          8:begin TrimFloat(Lleak,St);  H[Jj,Nhpd+K]:=Lleak 
end; 
          9:begin TrimFloat(Rleak,St);  H[Jj,Nhpd+K]:=Rleak 
end; 
         10:begin 
TrimFloat(1/Kcush,St);H[Jj,Nhpd+K]:=1/Kcush end; 
         11:begin TrimFloat(Rcush,St);  H[Jj,Nhpd+K]:=Rcush 
end; 
         12:begin 
TrimFloat(1/Kmat2,St);H[Jj,Nhpd+K]:=1/Kmat2 end; 
         13:begin TrimFloat(Lmat2,St);  H[Jj,Nhpd+K]:=Lmat2 
end; 







         14:begin TrimFloat(Rmat2,St);  H[Jj,Nhpd+K]:=Rmat2 
end; 
        end; 
        Write(OutFText,St,#9); 
      end;{K} 
      Str(Jj:0,St2); 
      for J:=0 to SizeS1 do Sig[J]:=ISig[J]; { restore 
original waveform } 
      OLcup:=1/Lcup; 
      Orskincush:=1/(Rskin+Rcush); 
      Kskincush:=Kskin+Kcush; 
 
{      PlotEaPlugModel;} 
      TimeDomainModel4; 
      for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
 
      New(Xr); New(Xi); 
      for J:=1 to Nfft do begin Xr^[J]:=0; Xi^[J]:=0 end; 
      for J:=0 to SizeS1  do begin 
        K:=1 + J div 2; 
        if not odd(J) then 
          Xr^[K]:=Sig[J] 
        else 
          Xi^[K]:=Sig[J]; 
      end; 
      ForwardFft(Nfft,Dt,Xr,Xi); 
      Eawt:=0; 
      ACWeightSetup; 
      for J:=1 to Nfft+1 do begin 
        ACWeight(F1*(J-1),ReA,ImA,ReC,ImC); 
        Temp:=Xr^[J]*ReA-Xi^[J]*ImA; 
        Xi^[J]:=Xr^[J]*ImA+Xi^[J]*ReA; 
        Xr^[J]:=Temp; 
        if (J=1) or (J=Nfft+1) then 
          Eawt:=Eawt+Sqr(Xr^[J])+Sqr(Xi^[J]) 
        else 
          Eawt:=Eawt+2*(Sqr(Xr^[J])+Sqr(Xi^[J])); 
      end; 
      Temp:=Eawt*F1; 
      RhoC:=415; { mks rayls characteristic impedance air @ 
22 deg C and 751 mmHg p 11 Beranek } 
      Eawt3:=Eawt*F1/RhoC; 
      Eawt:= 10*Log10(Temp/28800)+94; 
      Na:=Exp(Ln(2)*(85-Eawt)/3); 
      Str(Eawt:6:2,St); 
      Str(Na:3:3,St1); 
      Write(OutFText,St+#9+St1+#9); 
      Ymx:=-1e6; 
      for J:=0 to SizeS1 do if abs(Sig[J])>Ymx then 
Ymx:=abs(Sig[J]); 
      Lp:=20*Ln(Ymx)/Ln(10)+94; 







      Str(Lp:2:2,Dstr4); 
      Write(OutFText,Dstr4+#9); 
      Dispose(Xr); Dispose(Xi); 
 
      PlotEaPlugModel; 
      MemDelay1:=-50e-3; 
      CalculateHazard2; { reads ModelNo=1 from AHA header } 
      Str(500/MaxHazard:1:1,Dstr); 
      Write(OutFText,HazStr+#9+Dstr+#9); 
      MemDelay1:=MemDelay; 
      CalculateHazard2; 
      Str(500/MaxHazard:1:1,Dstr); 
      WriteLn(OutFText,HazStr+#9+Dstr); 
     { ProgressBar1.StepIt;} 
      Visible:=True; 
      repeat 
        Application.ProcessMessages; 
      until PauseFlag=0; 
      PauseFlag:=1; 
      Inc(Jj); 
    end; { while not Eof(InFText) } 
    Neamod:=Jj-1; 
    OpenDialog1.InitialDir:=AhaahDirectory; 
    OpenDialog1.FileName:='';{OrigFile}; 
    CloseFile(InFText); 
    CloseFile(OutFText); 
    ProgressBar1.Visible:=False; 
  end; {OpenDialog1.Execute} 
  RestoreForm; 
  {Dispose(Ma);} 
end; 
 
procedure TForm1.ConstrainedMassVersionof61Click(Sender: 
TObject); 
var 
  Er,Ei,Ir,Ii : array[1..10] of double; 
  F,W,W2,Ow,Re,Im,Mag,Phase,Alpha,Q : double; 
  Fmax,Ytop,Ybottom,Yinc,Ymx,Lp : single; 
  Flen,Hn,Wn,I,Nav,Kbegin,Kend,Nbegin,Nend,Nleak,Npiston: 
integer; 
  
St0,St2,St3,Path,Dummy,Round,Channel,FName,FName2,FName3,FN
ame4,Suffix,HPDPath: string; 
 
begin 
  {New(Ma);} 
  StringGrid1.Visible:=False; 
  Edit1.Visible:=False; 
  OpenDialog1.Filter:='Prepared waveforms|*.AHA|All 
Files|*.*'; 
  if OpenDialog1.Execute then begin 







    OrigFile:=OpenDialog1.Filename; 
    RestoreForm; 
    GetDir(0,CurrentDirectory); 
    
FE:=ANSIUpperCase(ExtractFileExt(OpenDialog1.Filename)); 
    
FileName:=ANSIUpperCase(ExtractFileName(OpenDialog1.Filenam
e)); 
    Application.processmessages; 
    FName:=FileName; 
    Flen:=pos('.',FileName); 
    if Flen>0 then SetLength(FName,Flen-1); 
    hn:=Form1.ClientHeight; 
    wn:=Form1.ClientWidth; 
    h1:=Trunc(0.03*hn); 
    w1:=Trunc(0.2*wn); 
    with ProgressBar1 do begin 
      Height:=h1; 
      Top:=hn-Trunc(1.25*h1+0.5*hn); 
      Width:=w1; 
      Left:=0;   {Round((w-w1)/2)} 
      Max:=96; 
      Step:=1; 
      Position:=0; 
      Visible:=False;{True;} 
    end; 
    OpenNewFileType5; 
    Nfft:=Nn div 2; 
    F1:=1/(Nn*Dt); {Fmax:=N*F1; } 
    OpenDialog1.InitialDir:=CurrentDirectory; 
  end; 
  OpenDialog1.InitialDir:=AhaahDirectory+'\Dat\Hearing 
Protectors'; 
  OpenDialog1.filename:=''; 
  OpenDialog1.Filter:='Hearing Protector 
Device(*.txt)|*.txt|All Files|*.*'; 
  if OpenDialog1.Execute then begin 
    RestoreForm; 
    HPDfile:=ExtractFileName(OpenDialog1.Filename); 
    St:=HPDfile; 
    FName4:=St; 
    J:=Pos('.',St); 
    Dec(J); 
    St2:=Copy(St,1,J); 
    HPDFile :=AhaahDirectory+'\Dat\Hearing 
Protectors\'+HPDFile; 
    FileName:=AhaahDirectory+'\Dat\Hearing 
Protectors\'+St2+'_'+FName+'.txt'; 
    FName3  :=AhaahDirectory+'\Dat\Hearing Protectors\Custom 
HPDs\'+St2+'_'; 
    AssignFile(InFText,HPDfile); Reset(InFText); 
    Jjj:=0; 







    repeat 
      ReadLn(InFText,St3); 
      Inc(Jjj); 
    until Eof(InFText) or  (St3=''); 
    Neamod:=Jjj-1; 
    Reset(InFText); 
    AssignFile(OutFText,FileName);  Rewrite(OutFText); 
    J:=1; Jjj:=0; 
    Write(OutFText,'Trial'+#9); 
    Read(InFText,St3); Reset(InFText); 
    Jj:=Length(St3); 
    repeat 
      Dstr:=''; 
      while not (ord(St3[J]) in [$09,$0d,$0a]) do begin 
        Dstr:=Dstr+St3[J]; 
        Inc(J); 
      end; 
      while (ord(St3[J]) in [$09,$20]) do Inc(J); 
      val(Dstr,Hpd[Jjj,0],Code); 
      Hpd[Jjj,0]:=1e3*Hpd[Jjj,0]; 
      Write(OutFText,St+#9); 
      H[0,Jjj]:=Hpd[Jjj,0]; 
      Inc(Jjj); 
    until J>Jj; 
    Nhpd:=Jjj-1; 
 
(* 
    while not Eoln(InFText) do begin 
      Read(InFText,Hpd[J,0]); 
      Hpd[J,0]:=1e3*Hpd[J,0]; 
      Str(Hpd[J,0]:3:3,St); 
      Write(OutFText,St+#9); 
      H[0,J]:=Hpd[J,0]; 
      Inc(J) 
    end; 
    Nhpd:=J-1; 
*) 
    Nleak:=0; repeat Inc(Nleak) until abs(Hpd[Nleak,0]/250-
1)<0.1; 
    Npiston:=0; repeat Inc(Npiston) until 
abs(Hpd[Npiston,0]/1000-1)<0.1; 
 
 
    ReadLn(InFText); 
    
Write(OutFText,'Ccup',#9,'Lcup',#9,'Cskin',#9,'Rskin',#9,'C
mat',#9); 
    
Write(OutFText,'Lmat',#9,'Rmat',#9,'Lleak',#9,'Rleak',#9,'C
cush',#9); 







    
Write(OutFText,'Rcush',#9,'Cmat2',#9,'Lmat2',#9,'Rmat2',#9)
; 
    
WriteLn(OutFText,'LAeq8hr'+#9+'Na'+#9+'Lp'+#9+'ARU(W)'+#9+'
Nw'+#9+'ARU(U)'+#9+'Nu'); 
    Pi2:=2*Pi; 
    Jj:=2; 
    while Jj<=Neamod+1 {not Eof(InFText)} do begin 
      Str(Jj-1:0,St); 
      FName2:=FName3+St+'.txt'; 
      AssignFile(OutFText2,FName2);  Rewrite(OutFText2); 
      Kbegin:=2;  Kend:=11; 
      Write(OutFText,Jj:3,#9); 
{      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\StandardSingleOrig.txt');} 
      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\Seed_REAT_Values_Earplug.txt'); 
      for J:=0 to Nhpd do begin  { read for real } 
        Read(InFText,Hpd[J,1]); 
        Hpd[J,1]:=-Hpd[J,1]; 
        Str(Hpd[J,1]:1:1,St); 
        Write(OutFText,St+#9); 
        H[Jj,J]:=Hpd[J,1]; 
      end; 
      ReadLn(InFText); 
 
      for Nfit:=1 to 10 do begin 
        case Nfit of 
          1: begin Delta:=Ln(10)/1000; Nn:=10 end; 
          2: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          3: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          4: begin Delta:=Ln(10)/1;    Nn:=10 end; 
          5: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          6: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          7: begin Delta:=Ln(10)/1000; Nn:=10 end; 
          8: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          9: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          10: begin Delta:=Ln(10)/100;   Nn:=10 end; 
        end; {case} 
        for K:=Kbegin to Kend do begin 
          Nbegin:=0; Nend:=Nhpd; 
          case K of 
            1:Temp:=Lcup; 
            2:begin Temp:=Kcup; Nbegin:=Nleak*0; 
Nend:=Npiston end; 
            3:begin Temp:=Kskin;Nbegin:=Nleak*0; 
Nend:=Npiston end; 
            4:begin Temp:=Rskin;Nbegin:=Nleak*0; 
Nend:=Npiston end; 







            5:begin Temp:=Kcush;Nbegin:=Nleak*0; 
Nend:=Npiston end; 
            6:begin Temp:=Rcush;Nbegin:=Nleak*0; 
Nend:=Npiston end; 
            7:begin Temp:=Lleak; Nend:=Nleak end; 
            8:begin Temp:=Rleak; Nend:=Nleak end; 
            9:begin Temp:=Kmat; Nbegin:=Npiston end; 
           10:begin Temp:=Lmat; Nbegin:=Npiston end; 
           11:begin Temp:=Rmat; Nbegin:=Npiston end; 
           12:Temp:=Kmat2; 
           13:Temp:=Lmat2; 
           14:Temp:=Rmat2; 
          end; 
          for Kk:=-Nn to Nn do begin 
            Factor:=Exp(Kk*Delta); 
            case K of 
              1:Lcup:=Temp*Factor; 
              2:Kcup:=Temp*Factor; 
              3:Kskin:=Temp*factor; 
              4:Rskin:=Temp*Factor; 
              5:Kcush:=Temp*Factor; 
              6:Rcush:=Temp*factor; 
              7:Lleak:=Temp*Factor; 
              8:Rleak:=Temp*Factor; 
              9:Kmat:=Temp*Factor; 
             10:Lmat:=Temp*Factor; 
             11:Rmat:=Temp*Factor; 
             12:Kmat2:=Temp*Factor; 
             13:Lmat2:=Temp*Factor; 
             14:Rmat2:=Temp*Factor; 
            end; 
            Ssum:=0; 
            for J:=Nbegin to Nend do begin 
              W:=Pi2*Hpd[J,0];  W2:=W*W; Ow:=1/W; 
              Ir[2]:=1;            Ii[2]:=0; 
              ComplexMul(Ir[2],Ii[2],Rskin,-
Ow*Kskin,Er[2],Ei[2]); 
              ComplexDiv(Er[2],Ei[2],Rcush,-
Ow*Kcush,Ir[3],Ii[3]); 
              Ir[1]:=Ir[2]+Ir[3];  Ii[1]:=Ii[2]+Ii[3]; 
              ComplexMul(Ir[1],Ii[1],0,W*Lcup,Er[3],Ei[3]); 
              Er[4]:=Er[2]+Er[3];  Ei[4]:=Ei[2]+Ei[3]; 
              
ComplexDiv(Er[4],Ei[4],Rleak,W*Lleak,Ir[4],Ii[4]); 
              ComplexDiv(Er[4],Ei[4],Rmat,W*Lmat-
Ow*Kmat,Ir[5],Ii[5]); 
              ComplexDiv(Er[4],Ei[4],Rmat2,W*Lmat2-
Ow*Kmat2,Ir[6],Ii[6]); 
              Ir[7]:=Ir[1]+Ir[4]+Ir[5]+Ir[6];  
Ii[7]:=Ii[1]+Ii[4]+Ii[5]+Ii[6]; 
              ComplexMul(Ir[7],Ii[7],0,-
Ow*Kcup,Er[6],Ei[6]); 







              Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
              ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
              Mag:=10*log10(Sqr(Re)+Sqr(Im)); 
              Ssum:=Ssum+Sqr(Hpd[J,1]-Mag); 
            end; 
            if Kk=-Nn then begin 
              Ssum1:=Ssum; Kr:=Kk 
            end else begin 
              if Ssum<Ssum1 then begin Ssum1:=Ssum; Kr:=Kk 
end; 
            end; 
          end;{Kk} 
          Factor:=Exp(Kr*Delta); 
          case K of 
            1:Lcup:=Temp*Factor; 
            2:Kcup:=Temp*Factor; 
            3:Kskin:=Temp*Factor; 
            4:Rskin:=Temp*Factor; 
            5:Kcush:=Temp*Factor; 
            6:Rcush:=Temp*Factor; 
            7:Lleak:=Temp*Factor; 
            8:Rleak:=Temp*Factor; 
            9:Kmat:=Temp*Factor; 
           10:Lmat:=Temp*Factor; 
           11:Rmat:=Temp*Factor; 
           12:Kmat2:=Temp*Factor; 
           13:Lmat2:=Temp*Factor; 
           14:Rmat2:=Temp*Factor; 
          end; 
        end;{K} 
 
        Kplus:=Kcup+Kcush; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-40{-40} then begin 
          Alpha:=-40; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end 
        else if Alpha<-45 then begin 
          Alpha:=-45; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end; 
        if Kcup>1e10 then Kcup:=1e10; 
        if Kcush<1000 then Kcush:=1000; 
        Kplus:=Kcup+Kcush; 
        F:=1/(2*Pi*Sqrt(Lcup/Kplus)); 
        if F<100 then {1000} 
          F:=100 
        else if F>1000 then { 6000 } 
          F:=1000; 







        Kplus:=Lcup*Sqr(2*Pi*F); 
        Kcush:=Kplus-Kcup; 
        if Kcush<1000 then Kcush:=1000; 
        Kplus:=Kcup+Kcush; 
 
        Q:=Sqrt(Lcup*Kplus)/Rcush; 
        if Q>2{0.7,2.5} then begin 
          Q:=2; 
          Rcush:=Sqrt(Lcup*Kplus)/Q; 
        end else if Q<0.5 then begin 
          Q:=0.5; 
          Rcush:=Sqrt(Lcup*Kplus)/Q; 
        end; 
        if Rcush<1000 then Rcush:=1000; 
        if Kcup<1000 then Kcup:=1000; 
        if Kskin>1.5*Kcush then Kskin:=1.5*Kcush; 
        if Kskin<Kcush/1.5 then Kskin:=Kcush/1.5; 
        if Rskin>1.5*Rcush then Rskin:=1.5*Rcush; 
        if Rskin<Rcush/1.5 then Rskin:=Rcush/1.5; 
 
        if Hpd[1,1]<-25 then begin 
          Lleak:=25000; 
          Rleak:=20000000; 
        end; 
 
        Kplus:=Kcup+Kmat; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-45 then begin  {-30} 
          Alpha:=-45; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat:=Kplus-Kcup; 
        end else if Alpha<-60 then begin  {-70} 
          Alpha:=-60; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat:=Kplus-Kcup; 
        end; 
 
        F:=1/(2*Pi*Sqrt(Lmat/Kplus)); 
        if F>4000 then begin 
          F:=4000; 
          Lmat:=Kplus/Sqr(2*Pi*F) 
        end 
        else if F<2000 then begin { 3000 } 
          F:=2000; 
          Lmat:=Kplus/Sqr(2*Pi*F) 
        end; 
        Q:=Sqrt(Lmat*Kplus)/Rmat; 
        if Q>5 {5,2.5} then begin 
          Q:=5 {5,2.5}; 
          Rmat:=Sqrt(Lmat*Kplus)/Q; 
        end else if Q<0.1 {5,2.5} then begin 







          Q:=0.1 {5,2.5}; 
          Rmat:=Sqrt(Lmat*Kplus)/Q; 
        end; 
        Kplus:=Kcup+Kmat2; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-70 then begin 
          Alpha:=-70; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat2:=Kplus-Kcup; 
        end; 
        Kplus:=Kcup+Kmat2; 
        F:=1/(2*Pi*Sqrt(Lmat2/Kplus)); 
        if F>16000 then begin 
          F:=16000; 
          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        if F<4000 then begin { 4000 } 
          F:=4000; 
          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        Q:=Sqrt(Lmat2*Kplus)/Rmat2; 
        if Q>1 then begin 
          Q:=1; 
          Rmat2:=Sqrt(Lmat2*Kplus)/Q; 
        end; 
 
        F:=1/(2*Pi*Sqrt(Lleak/Kcup));            { leak 
restrictions } 
        if F<1 then F:=1; 
        if F>1000 then F:=1000; 
 
{        F:=50; } 
        Lleak:=Kcup/Sqr(2*Pi*F); 
        Q:=Sqrt(Lleak*Kcup)/Rleak; 
        if Q>1{0.707} then begin 
          Q:=1; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end 
        else if Q<0.1 then begin 
          Q:=0.1; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end; 
 
      end; 
      for K:=1 to 14 do begin 
        case K of 
          1:begin TrimFloat(1/Kcup,St); H[Jj,Nhpd+K]:=1/Kcup 
end; 
          2:begin TrimFloat(Lcup,St);   H[Jj,Nhpd+K]:=Lcup 
end; 







          3:begin 
TrimFloat(1/Kskin,St);H[Jj,Nhpd+K]:=1/Kskin end; 
          4:begin TrimFloat(Rskin,St);  H[Jj,Nhpd+K]:=Rskin 
end; 
          5:begin TrimFloat(1/Kmat,St); H[Jj,Nhpd+K]:=1/Kmat 
end; 
          6:begin TrimFloat(Lmat,St);   H[Jj,Nhpd+K]:=Lmat 
end; 
          7:begin TrimFloat(Rmat,St);   H[Jj,Nhpd+K]:=Rmat 
end; 
          8:begin TrimFloat(Lleak,St);  H[Jj,Nhpd+K]:=Lleak 
end; 
          9:begin TrimFloat(Rleak,St);  H[Jj,Nhpd+K]:=Rleak 
end; 
         10:begin 
TrimFloat(1/Kcush,St);H[Jj,Nhpd+K]:=1/Kcush end; 
         11:begin TrimFloat(Rcush,St);  H[Jj,Nhpd+K]:=Rcush 
end; 
         12:begin 
TrimFloat(1/Kmat2,St);H[Jj,Nhpd+K]:=1/Kmat2 end; 
         13:begin TrimFloat(Lmat2,St);  H[Jj,Nhpd+K]:=Lmat2 
end; 
         14:begin TrimFloat(Rmat2,St);  H[Jj,Nhpd+K]:=Rmat2 
end; 
        end; 
        Write(OutFText,St,#9); 
      end;{K} 
      TrimFloat(1/Kcush,St); 
WriteLn(OutFText2,St,#9,'Ccush',#9); 
      TrimFloat(Rcush,St); 
WriteLn(OutFText2,St,#9,'Rcush',#9); 
      TrimFloat(1/Kskin,St); 
WriteLn(OutFText2,St,#9,'Cskin',#9); 
      TrimFloat(Rskin,St); 
WriteLn(OutFText2,St,#9,'Rskin',#9); 
      TrimFloat(Lleak,St); 
WriteLn(OutFText2,St,#9,'Lleak',#9); 
      TrimFloat(Rleak,St); 
WriteLn(OutFText2,St,#9,'Rleak',#9); 
      TrimFloat(Lcup,St); 
WriteLn(OutFText2,St,#9,'Lcup',#9); 
      TrimFloat(1/Kcup,St); 
WriteLn(OutFText2,St,#9,'Ccup',#9); 
      TrimFloat(Rmat,St); 
WriteLn(OutFText2,St,#9,'Rmat',#9); 
      TrimFloat(Lmat,St); 
WriteLn(OutFText2,St,#9,'Lmat',#9); 
      TrimFloat(1/Kmat,St); 
WriteLn(OutFText2,St,#9,'Cmat',#9); 
      TrimFloat(Rmat2,St); 
WriteLn(OutFText2,St,#9,'Rmat2',#9); 







      TrimFloat(Lmat2,St); 
WriteLn(OutFText2,St,#9,'Lmat2',#9); 
      TrimFloat(1/Kmat2,St); 
WriteLn(OutFText2,St,#9,'Cmat2',#9); 
      WriteLn(OutFText2,FName4,#9); 
      Str(Jj-1:0,St2); 
      WriteLn(OutFText2,St2,#9); 
      
WriteLn(OutFText2,'Freq(kHz)',#9,'Mean_Gain(dB)',#9,'StDev_
Gain(dB)',#9); 
      for J:=0 to Nhpd do begin 
        Str(Hpd[J,0]/1000:3:3,St2); Write(OutFText2,St2,#9); 
        Str(Hpd[J,1]:2:2,St2); Write(OutFText2,St2,#9); 
        WriteLn(OutFText2,'0',#9); 
      end; 
      CloseFile(OutFText2); 
      for J:=0 to SizeS1 do Sig[J]:=ISig[J]; { restore 
original waveform } 
      OLcup:=1/Lcup; 
      Orskincush:=1/(Rskin+Rcush); 
      Kskincush:=Kskin+Kcush; 
 
{      PlotEaPlugModel;} 
      TimeDomainModel4; 
      for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
 
      New(Xr); New(Xi); 
      for J:=1 to Nfft do begin Xr^[J]:=0; Xi^[J]:=0 end; 
      for J:=0 to SizeS1  do begin 
        K:=1 + J div 2; 
        if not odd(J) then 
          Xr^[K]:=Sig[J] 
        else 
          Xi^[K]:=Sig[J]; 
      end; 
      ForwardFft(Nfft,Dt,Xr,Xi); 
      Eawt:=0; 
      ACWeightSetup; 
      for J:=1 to Nfft+1 do begin 
        ACWeight(F1*(J-1),ReA,ImA,ReC,ImC); 
        Temp:=Xr^[J]*ReA-Xi^[J]*ImA; 
        Xi^[J]:=Xr^[J]*ImA+Xi^[J]*ReA; 
        Xr^[J]:=Temp; 
        if (J=1) or (J=Nfft+1) then 
          Eawt:=Eawt+Sqr(Xr^[J])+Sqr(Xi^[J]) 
        else 
          Eawt:=Eawt+2*(Sqr(Xr^[J])+Sqr(Xi^[J])); 
      end; 
      Temp:=Eawt*F1; 
      RhoC:=415; { mks rayls characteristic impedance air @ 
22 deg C and 751 mmHg p 11 Beranek } 







      Eawt3:=Eawt*F1/RhoC; 
      Eawt:= 10*Log10(Temp/28800)+94; 
      Na:=Exp(Ln(2)*(85-Eawt)/3); 
      Str(Eawt:6:2,St); 
      Str(Na:3:3,St1); 
      Write(OutFText,St+#9+St1+#9); 
      Ymx:=-1e6; 
      for J:=0 to SizeS1 do if abs(Sig[J])>Ymx then 
Ymx:=abs(Sig[J]); 
      Lp:=20*Ln(Ymx)/Ln(10)+94; 
      Str(Lp:2:2,Dstr4); 
      Write(OutFText,Dstr4+#9); 
      Dispose(Xr); Dispose(Xi); 
 
      PlotEaPlugModel; 
      MemDelay1:=-50e-3; 
      CalculateHazard2; { reads ModelNo=1 from AHA header } 
      Str(500/MaxHazard:1:1,Dstr); 
      Write(OutFText,HazStr+#9+Dstr+#9); 
      MemDelay1:=MemDelay; 
      CalculateHazard2; 
      Str(500/MaxHazard:1:1,Dstr); 
      WriteLn(OutFText,HazStr+#9+Dstr); 
     { ProgressBar1.StepIt;} 
      Visible:=True; 
{      PauseFlag:=0; } 
      repeat 
        Application.ProcessMessages; 
      until PauseFlag=0; 
{      PauseFlag:=1;} 
      Inc(Jj); 
    end; { while not Eof(InFText) } 
    Neamod:=Jj-1; 
    OpenDialog1.InitialDir:=AhaahDirectory; 
    OpenDialog1.FileName:='';{OrigFile}; 
    CloseFile(InFText); 
    CloseFile(OutFText); 
    ProgressBar1.Visible:=False; 
  end; {OpenDialog1.Execute} 
  RestoreForm; 
  {Dispose(Ma);} 
end; 
 
procedure TForm1.FixMassVolume1Click(Sender: TObject); 
var 
  Er,Ei,Ir,Ii : array[1..10] of double; 
  F,W,W2,Ow,Re,Im,Mag,Phase,Alpha,Q : double; 
  Fmax,Ytop,Ybottom,Yinc,Ymx,Lp : single; 
  Flen,Hn,Wn,I,Nav,Kbegin,Kend: integer; 







  
St0,St2,St3,Path,Dummy,Round,Channel,FName,Suffix,HPDPath: 
string; 
begin 
  {New(Ma);} 
  StringGrid1.Visible:=False; 
  Edit1.Visible:=False; 
  OpenDialog1.Filter:='Prepared waveforms|*.AHA|All 
Files|*.*'; 
  if OpenDialog1.Execute then begin 
    OrigFile:=OpenDialog1.Filename; 
    RestoreForm; 
    GetDir(0,CurrentDirectory); 
    
FE:=ANSIUpperCase(ExtractFileExt(OpenDialog1.Filename)); 
    
FileName:=ANSIUpperCase(ExtractFileName(OpenDialog1.Filenam
e)); 
    Application.processmessages; 
    FName:=FileName; 
    Flen:=pos('.',FileName); 
    if Flen>0 then SetLength(FName,Flen-1); 
    hn:=Form1.ClientHeight; 
    wn:=Form1.ClientWidth; 
    h1:=Trunc(0.03*hn); 
    w1:=Trunc(0.2*wn); 
    with ProgressBar1 do begin 
      Height:=h1; 
      Top:=hn-Trunc(1.25*h1+0.5*hn); 
      Width:=w1; 
      Left:=0;   {Round((w-w1)/2)} 
      Max:=96; 
      Step:=1; 
      Position:=0; 
      Visible:=False;{True;} 
    end; 
    OpenNewFileType5; 
    Nfft:=Nn div 2; 
    F1:=1/(Nn*Dt); {Fmax:=N*F1; } 
    OpenDialog1.InitialDir:=CurrentDirectory; 
  end; 
  OpenDialog1.InitialDir:=AhaahDirectory+'\Dat\Hearing 
Protectors'; 
  OpenDialog1.filename:=''; 
  OpenDialog1.Filter:='Hearing Protector 
Device(*.txt)|*.txt|All Files|*.*'; 
  if OpenDialog1.Execute then begin 
    RestoreForm; 
    HPDfile:=ExtractFileName(OpenDialog1.Filename); 
    HPDFile:=AhaahDirectory+'\Dat\Hearing 
Protectors\'+HPDFile; 
    AssignFile(InFText,HPDfile); Reset(InFText); 







    St:=HPDfile; 
    J:=Pos('.',St); 
    Dec(J); 
    St3:=Copy(St,1,J); 
    FileName:=St3; 
    FileName:=FileName+'_'+FName+'.txt'; 
    AssignFile(OutFText,FileName);  Rewrite(OutFText); 
    J:=0; 
    Write(OutFText,'Trial'+#9); 
    while not Eoln(InFText) do begin 
      Read(InFText,Hpd[J,0]);   Hpd[J,0]:=1e3*Hpd[J,0]; 
      Str(Hpd[J,0]:3:3,St); 
      Write(OutFText,St+#9); 
      H[0,J]:=Hpd[J,0]; 
      Inc(J) 
    end; 
    ReadLn(InFText); 
    
Write(OutFText,'Ccup',#9,'Lcup',#9,'Cskin',#9,'Rskin',#9,'C
mat',#9); 
    
Write(OutFText,'Lmat',#9,'Rmat',#9,'Lleak',#9,'Rleak',#9,'C
cush',#9); 
    
Write(OutFText,'Rcush',#9,'Cmat2',#9,'Lmat2',#9,'Rmat2',#9)
; 
    
WriteLn(OutFText,'LAeq8hr'+#9+'Na'+#9+'Lp'+#9+'ARU(W)'+#9+'
Nw'+#9+'ARU(U)'+#9+'Nu'); 
    Nhpd:=J-1; 
    Pi2:=2*Pi; 
    Jj:=1; 
    while not Eof(InFText) do begin 
      Kbegin:=3;  Kend:=11; 
      Write(OutFText,Jj:3,#9); 
{      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\StandardSingleOrig.txt');} 
      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\Seed_REAT_Values_Earplug.txt'); 
      for J:=0 to Nhpd do begin  { read for real } 
        Read(InFText,Hpd[J,1]); 
        Hpd[J,1]:=-Hpd[J,1]; 
        Str(Hpd[J,1]:1:1,St); 
        Write(OutFText,St+#9); 
        H[Jj,J]:=Hpd[J,1]; 
      end; 
      ReadLn(InFText); 
 
      for Nfit:=1 to 10 do begin 
        case Nfit of 
          1: begin Delta:=Ln(10)/1000; Nn:=10 end; 







          2: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          3: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          4: begin Delta:=Ln(10)/1;    Nn:=10 end; 
          5: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          6: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          7: begin Delta:=Ln(10)/1000; Nn:=10 end; 
          8: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          9: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          10: begin Delta:=Ln(10)/100;   Nn:=10 end; 
        end; {case} 
        for K:=Kbegin to Kend do begin 
          case K of 
            1:Temp:=Lcup; 
            2:Temp:=Kcup; 
            3:Temp:=Kskin; 
            4:Temp:=Rskin; 
            5:Temp:=Kcush; 
            6:Temp:=Rcush; 
            7:Temp:=Lleak; 
            8:Temp:=Rleak; 
            9:Temp:=Kmat; 
           10:Temp:=Lmat; 
           11:Temp:=Rmat; 
           12:Temp:=Kmat2; 
           13:Temp:=Lmat2; 
           14:Temp:=Rmat2; 
          end; 
          for Kk:=-Nn to Nn do begin 
            Factor:=Exp(Kk*Delta); 
            case K of 
              1:Lcup:=Temp*Factor; 
              2:Kcup:=Temp*Factor; 
              3:Kskin:=Temp*factor; 
              4:Rskin:=Temp*Factor; 
              5:Kcush:=Temp*Factor; 
              6:Rcush:=Temp*factor; 
              7:Lleak:=Temp*Factor; 
              8:Rleak:=Temp*Factor; 
              9:Kmat:=Temp*Factor; 
             10:Lmat:=Temp*Factor; 
             11:Rmat:=Temp*Factor; 
             12:Kmat2:=Temp*Factor; 
             13:Lmat2:=Temp*Factor; 
             14:Rmat2:=Temp*Factor; 
            end; 
            Ssum:=0; 
            for J:=0 to Nhpd do begin 
              W:=Pi2*Hpd[J,0];  W2:=W*W; Ow:=1/W; 
              Ir[2]:=1;            Ii[2]:=0; 
              ComplexMul(Ir[2],Ii[2],Rskin,-
Ow*Kskin,Er[2],Ei[2]); 







              ComplexDiv(Er[2],Ei[2],Rcush,-
Ow*Kcush,Ir[3],Ii[3]); 
              Ir[1]:=Ir[2]+Ir[3];  Ii[1]:=Ii[2]+Ii[3]; 
              ComplexMul(Ir[1],Ii[1],0,W*Lcup,Er[3],Ei[3]); 
              Er[4]:=Er[2]+Er[3];  Ei[4]:=Ei[2]+Ei[3]; 
              
ComplexDiv(Er[4],Ei[4],Rleak,W*Lleak,Ir[4],Ii[4]); 
              ComplexDiv(Er[4],Ei[4],Rmat,W*Lmat-
Ow*Kmat,Ir[5],Ii[5]); 
              ComplexDiv(Er[4],Ei[4],Rmat2,W*Lmat2-
Ow*Kmat2,Ir[6],Ii[6]); 
              Ir[7]:=Ir[1]+Ir[4]+Ir[5]+Ir[6];  
Ii[7]:=Ii[1]+Ii[4]+Ii[5]+Ii[6]; 
              ComplexMul(Ir[7],Ii[7],0,-
Ow*Kcup,Er[6],Ei[6]); 
              Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
              ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
              Mag:=10*log10(Sqr(Re)+Sqr(Im)); 
              Ssum:=Ssum+Sqr(Hpd[J,1]-Mag); 
            end; 
            if Kk=-Nn then begin 
              Ssum1:=Ssum; Kr:=Kk 
            end else begin 
              if Ssum<Ssum1 then begin Ssum1:=Ssum; Kr:=Kk 
end; 
            end; 
          end;{Kk} 
          Factor:=Exp(Kr*Delta); 
          case K of 
            1:Lcup:=Temp*Factor; 
            2:Kcup:=Temp*Factor; 
            3:Kskin:=Temp*Factor; 
            4:Rskin:=Temp*Factor; 
            5:Kcush:=Temp*Factor; 
            6:Rcush:=Temp*Factor; 
            7:Lleak:=Temp*Factor; 
            8:Rleak:=Temp*Factor; 
            9:Kmat:=Temp*Factor; 
           10:Lmat:=Temp*Factor; 
           11:Rmat:=Temp*Factor; 
           12:Kmat2:=Temp*Factor; 
           13:Lmat2:=Temp*Factor; 
           14:Rmat2:=Temp*Factor; 
          end; 
        end;{K} 
        Kplus:=Kcup+Kcush; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha<-15{70} then begin 
          Alpha:=-15; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end; 







        if Alpha>-25{70} then begin 
          Alpha:=-25; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end; 
        Q:=Sqrt(Lcup*Kplus)/Rcush; 
        if Q>1.4{0.7,2.5} then begin 
          Q:=1.4; 
          Rcush:=Sqrt(Lcup*Kplus)/Q; 
        end; 
        Kplus:=Kcup+Kskin; 
        Q:=Sqrt(Lcup*Kplus)/Rskin; 
        if Q>1.4 then begin 
          Q:=1.4; 
          Rskin:=Sqrt(Lcup*Kplus)/Q; 
        end; 
        Kplus:=Kcup+Kskin; 
        F:=1/(2*Pi*Sqrt(Lcup/Kplus)); 
(* 
        if F>3000 then begin 
          F:=3000; 
          Lcup:=Kplus/Sqr(2*Pi*F) 
        end; 
*) 
        Alpha:=20*log10(Kcup/KPLUS); 
        if Alpha<-15{70} then begin 
          Alpha:=-15; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kskin:=Kplus-Kcup; 
        end; 
        if Alpha>-25{70} then begin 
          Alpha:=-25; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kskin:=Kplus-Kcup; 
        end; 
      {        end;} 
        Kplus:=Kcup+Kmat; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha<-50 then begin  {-70} 
          Alpha:=-50; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat:=Kplus-Kcup; 
        end; 
        if Alpha>-35 then begin  {-30} 
          Alpha:=-35; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat:=Kplus-Kcup; 
        end; 
        Kplus:=Kcup+Kmat; 
        F:=1/(2*Pi*Sqrt(Lmat/Kplus)); 
        if F>16000 then begin 
          F:=16000; 







          Lmat:=Kplus/Sqr(2*Pi*F) 
        end; 
        if F<4000 then begin 
          F:=4000; 
          Lmat:=Kplus/Sqr(2*Pi*F) 
        end; 
        Q:=Sqrt(Lmat*Kplus)/Rmat; 
        if Q>2.5 {10,2.5} then begin 
          Q:=2.5 {10,2.5}; 
          Rmat:=Sqrt(Lmat*Kplus)/Q; 
        end; 
        if Q<1 then begin 
          Q:=1; 
          Rmat:=Sqrt(Lmat*Kplus)/Q; 
        end; 
        Kplus:=Kcup+Kmat2; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-100 then begin 
          Alpha:=-70; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat2:=Kplus-Kcup; 
        end; 
        Kplus:=Kcup+Kmat2; 
        F:=1/(2*Pi*Sqrt(Lmat2/Kplus)); 
        if F>16000 then begin 
          F:=16000; 
          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        if F<8000 then begin 
          F:=8000; 
          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        Q:=Sqrt(Lmat2*Kplus)/Rmat2; 
        if Q>1 then begin 
          Q:=1; 
          Rmat2:=Sqrt(Lmat2*Kplus)/Q; 
        end; 
 
        F:=1/(2*Pi*Sqrt(Lleak/Kcup));            { leak 
restrictions } 
        if F<1 then begin 
          F:=1{5}; 
          Lleak:=Kcup/Sqr(2*Pi*F); 
        end; 
        if F<1 then begin 
          F:=1{1000}; 
          Lleak:=Kcup/Sqr(2*Pi*F); 
        end; 
        if F>3000 then begin 
          F:=3000{1000}; 
          Lleak:=Kcup/Sqr(2*Pi*F); 







        end; 
        Q:=Sqrt(Lleak*Kcup)/Rleak; 
        if Q>1{0.707} then begin 
          Q:=1; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end; 
        if Q<0.01{0.2} then begin 
          Q:=0.01; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end; 
      end; 
 
      if Kskin>Kcush then begin 
        Temp:=Kskin; Kskin:=Kcush; Kcush:=Temp; 
        Temp:=Rskin; Rskin:=Rcush; Rcush:=Temp; 
      end; 
 
      for K:=1 to 14 do begin 
        case K of 
          1:begin TrimFloat(1/Kcup,St); H[Jj,Nhpd+K]:=1/Kcup 
end; 
          2:begin TrimFloat(Lcup,St);   H[Jj,Nhpd+K]:=Lcup 
end; 
          3:begin 
TrimFloat(1/Kskin,St);H[Jj,Nhpd+K]:=1/Kskin end; 
          4:begin TrimFloat(Rskin,St);  H[Jj,Nhpd+K]:=Rskin 
end; 
          5:begin TrimFloat(1/Kmat,St); H[Jj,Nhpd+K]:=1/Kmat 
end; 
          6:begin TrimFloat(Lmat,St);   H[Jj,Nhpd+K]:=Lmat 
end; 
          7:begin TrimFloat(Rmat,St);   H[Jj,Nhpd+K]:=Rmat 
end; 
          8:begin TrimFloat(Lleak,St);  H[Jj,Nhpd+K]:=Lleak 
end; 
          9:begin TrimFloat(Rleak,St);  H[Jj,Nhpd+K]:=Rleak 
end; 
         10:begin 
TrimFloat(1/Kcush,St);H[Jj,Nhpd+K]:=1/Kcush end; 
         11:begin TrimFloat(Rcush,St);  H[Jj,Nhpd+K]:=Rcush 
end; 
         12:begin 
TrimFloat(1/Kmat2,St);H[Jj,Nhpd+K]:=1/Kmat2 end; 
         13:begin TrimFloat(Lmat2,St);  H[Jj,Nhpd+K]:=Lmat2 
end; 
         14:begin TrimFloat(Rmat2,St);  H[Jj,Nhpd+K]:=Rmat2 
end; 
        end; 
        Write(OutFText,St,#9); 
      end;{K} 
      Str(Jj:0,St2); 







      for J:=0 to SizeS1 do Sig[J]:=ISig[J]; { restore 
original waveform } 
      OLcup:=1/Lcup; 
      Orskincush:=1/(Rskin+Rcush); 
      Kskincush:=Kskin+Kcush; 
 
{      PlotEaPlugModel;} 
      TimeDomainModel4; 
      for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
 
      New(Xr); New(Xi); 
      for J:=1 to Nfft do begin Xr^[J]:=0; Xi^[J]:=0 end; 
      for J:=0 to SizeS1  do begin 
        K:=1 + J div 2; 
        if not odd(J) then 
          Xr^[K]:=Sig[J] 
        else 
          Xi^[K]:=Sig[J]; 
      end; 
      ForwardFft(Nfft,Dt,Xr,Xi); 
      Eawt:=0; 
      ACWeightSetup; 
      for J:=1 to Nfft+1 do begin 
        ACWeight(F1*(J-1),ReA,ImA,ReC,ImC); 
        Temp:=Xr^[J]*ReA-Xi^[J]*ImA; 
        Xi^[J]:=Xr^[J]*ImA+Xi^[J]*ReA; 
        Xr^[J]:=Temp; 
        if (J=1) or (J=Nfft+1) then 
          Eawt:=Eawt+Sqr(Xr^[J])+Sqr(Xi^[J]) 
        else 
          Eawt:=Eawt+2*(Sqr(Xr^[J])+Sqr(Xi^[J])); 
      end; 
      Temp:=Eawt*F1; 
      RhoC:=415; { mks rayls characteristic impedance air @ 
22 deg C and 751 mmHg p 11 Beranek } 
      Eawt3:=Eawt*F1/RhoC; 
      Eawt:= 10*Log10(Temp/28800)+94; 
      Na:=Exp(Ln(2)*(85-Eawt)/3); 
      Str(Eawt:6:2,St); 
      Str(Na:3:3,St1); 
      Write(OutFText,St+#9+St1+#9); 
      Ymx:=-1e6; 
      for J:=0 to SizeS1 do if abs(Sig[J])>Ymx then 
Ymx:=abs(Sig[J]); 
      Lp:=20*Ln(Ymx)/Ln(10)+94; 
      Str(Lp:2:2,Dstr4); 
      Write(OutFText,Dstr4+#9); 
      Dispose(Xr); Dispose(Xi); 
 
      PlotEaPlugModel; 
      MemDelay1:=-50e-3; 







 
      CalculateHazard2; { reads ModelNo=1 from AHA header } 
      Str(500/MaxHazard:1:1,Dstr); 
      Write(OutFText,HazStr+#9+Dstr+#9); 
      MemDelay1:=MemDelay; 
      CalculateHazard2; 
      Str(500/MaxHazard:1:1,Dstr); 
      WriteLn(OutFText,HazStr+#9+Dstr); 
 
      {WriteLn(OutFText);} 
     { ProgressBar1.StepIt;} 
      Visible:=True; 
      repeat 
        Application.ProcessMessages; 
      until PauseFlag=0; 
 {     PauseFlag:=1;}  
      Inc(Jj); 
    end; { while not Eof(InFText) } 
    Neamod:=Jj-1; 
    OpenDialog1.InitialDir:=AhaahDirectory; 
    OpenDialog1.FileName:='';{OrigFile}; 
    CloseFile(InFText); 
    CloseFile(OutFText); 
    ProgressBar1.Visible:=False; 
  end; {OpenDialog1.Execute} 
  RestoreForm; 
  {Dispose(Ma);} 
end; 
 
procedure 
TForm1.ConstrainedMassandVolumeEarmuff1Click(Sender: 
TObject); 
var 
  Er,Ei,Ir,Ii : array[1..10] of double; 
  F,W,W2,Ow,Re,Im,Mag,Phase,Alpha,Q : double; 
  Fmax,Ytop,Ybottom,Yinc,Ymx,Lp : single; 
  Flen,Hn,Wn,I,Nav,Kbegin,Kend: integer; 
  
St0,St2,St3,Path,Dummy,Round,Channel,FName,Suffix,HPDPath: 
string; 
begin 
  {New(Ma);} 
  StringGrid1.Visible:=False; 
  Edit1.Visible:=False; 
  OpenDialog1.Filter:='Prepared waveforms|*.AHA|All 
Files|*.*'; 
  if OpenDialog1.Execute then begin 
    OrigFile:=OpenDialog1.Filename; 
    RestoreForm; 
    GetDir(0,CurrentDirectory); 







    
FE:=ANSIUpperCase(ExtractFileExt(OpenDialog1.Filename)); 
    
FileName:=ANSIUpperCase(ExtractFileName(OpenDialog1.Filenam
e)); 
    Application.processmessages; 
    FName:=FileName; 
    Flen:=pos('.',FileName); 
    if Flen>0 then SetLength(FName,Flen-1); 
    hn:=Form1.ClientHeight; 
    wn:=Form1.ClientWidth; 
    h1:=Trunc(0.03*hn); 
    w1:=Trunc(0.2*wn); 
    with ProgressBar1 do begin 
      Height:=h1; 
      Top:=hn-Trunc(1.25*h1+0.5*hn); 
      Width:=w1; 
      Left:=0;   {Round((w-w1)/2)} 
      Max:=96; 
      Step:=1; 
      Position:=0; 
      Visible:=False;{True;} 
    end; 
    OpenNewFileType5; 
    Nfft:=Nn div 2; 
    F1:=1/(Nn*Dt); {Fmax:=N*F1; } 
    OpenDialog1.InitialDir:=CurrentDirectory; 
  end; 
  OpenDialog1.InitialDir:=AhaahDirectory+'\Dat\Hearing 
Protectors'; 
  OpenDialog1.filename:=''; 
  OpenDialog1.Filter:='Hearing Protector 
Device(*.txt)|*.txt|All Files|*.*'; 
  if OpenDialog1.Execute then begin 
    RestoreForm; 
    HPDfile:=ExtractFileName(OpenDialog1.Filename); 
    HPDFile:=AhaahDirectory+'\Dat\Hearing 
Protectors\'+HPDFile; 
    AssignFile(InFText,HPDfile); Reset(InFText); 
    St:=HPDfile; 
    J:=Pos('.',St); 
    Dec(J); 
    St3:=Copy(St,1,J); 
    FileName:=St3; 
    FileName:=FileName+'_'+FName+'.txt'; 
    AssignFile(OutFText,FileName);  Rewrite(OutFText); 
    J:=0; 
    Write(OutFText,'Trial'+#9); 
    while not Eoln(InFText) do begin 
      Read(InFText,Hpd[J,0]);   Hpd[J,0]:=1e3*Hpd[J,0]; 
      Str(Hpd[J,0]:3:3,St); 
      Write(OutFText,St+#9); 







      H[0,J]:=Hpd[J,0]; 
      Inc(J) 
    end; 
    ReadLn(InFText); 
    
Write(OutFText,'Ccup',#9,'Lcup',#9,'Cskin',#9,'Rskin',#9,'C
mat',#9); 
    
Write(OutFText,'Lmat',#9,'Rmat',#9,'Lleak',#9,'Rleak',#9,'C
cush',#9); 
    
Write(OutFText,'Rcush',#9,'Cmat2',#9,'Lmat2',#9,'Rmat2',#9)
; 
    
WriteLn(OutFText,'LAeq8hr'+#9+'Na'+#9+'Lp'+#9+'ARU(W)'+#9+'
Nw'+#9+'ARU(U)'+#9+'Nu'); 
    Nhpd:=J-1; 
    Pi2:=2*Pi; 
    Jj:=1; 
    while not Eof(InFText) do begin 
      Kbegin:=3;  Kend:=11; 
      Write(OutFText,Jj:3,#9); 
{      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\StandardSingleOrig.txt');} 
      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\Seed_REAT_Values_Earmuff.txt'); 
      for J:=0 to Nhpd do begin  { read for real } 
        Read(InFText,Hpd[J,1]); 
        Hpd[J,1]:=-Hpd[J,1]; 
        Str(Hpd[J,1]:1:1,St); 
        Write(OutFText,St+#9); 
        H[Jj,J]:=Hpd[J,1]; 
      end; 
      ReadLn(InFText); 
 
      for Nfit:=1 to 10 do begin 
        case Nfit of 
          1: begin Delta:=Ln(10)/1000; Nn:=10 end; 
          2: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          3: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          4: begin Delta:=Ln(10)/1;    Nn:=10 end; 
          5: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          6: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          7: begin Delta:=Ln(10)/1000; Nn:=10 end; 
          8: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          9: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          10: begin Delta:=Ln(10)/100;   Nn:=10 end; 
        end; {case} 
        for K:=Kbegin to Kend do begin 
          case K of 
            1:Temp:=Lcup; 







            2:Temp:=Kcup; 
            3:Temp:=Kskin; 
            4:Temp:=Rskin; 
            5:Temp:=Kcush; 
            6:Temp:=Rcush; 
            7:Temp:=Lleak; 
            8:Temp:=Rleak; 
            9:Temp:=Kmat; 
           10:Temp:=Lmat; 
           11:Temp:=Rmat; 
           12:Temp:=Kmat2; 
           13:Temp:=Lmat2; 
           14:Temp:=Rmat2; 
          end; 
          for Kk:=-Nn to Nn do begin 
            Factor:=Exp(Kk*Delta); 
            case K of 
              1:Lcup:=Temp*Factor; 
              2:Kcup:=Temp*Factor; 
              3:Kskin:=Temp*factor; 
              4:Rskin:=Temp*Factor; 
              5:Kcush:=Temp*Factor; 
              6:Rcush:=Temp*factor; 
              7:Lleak:=Temp*Factor; 
              8:Rleak:=Temp*Factor; 
              9:Kmat:=Temp*Factor; 
             10:Lmat:=Temp*Factor; 
             11:Rmat:=Temp*Factor; 
             12:Kmat2:=Temp*Factor; 
             13:Lmat2:=Temp*Factor; 
             14:Rmat2:=Temp*Factor; 
            end; 
            Ssum:=0; 
            for J:=0 to Nhpd do begin 
              W:=Pi2*Hpd[J,0];  W2:=W*W; Ow:=1/W; 
              Ir[2]:=1;            Ii[2]:=0; 
              ComplexMul(Ir[2],Ii[2],Rskin,-
Ow*Kskin,Er[2],Ei[2]); 
              ComplexDiv(Er[2],Ei[2],Rcush,-
Ow*Kcush,Ir[3],Ii[3]); 
              Ir[1]:=Ir[2]+Ir[3];  Ii[1]:=Ii[2]+Ii[3]; 
              ComplexMul(Ir[1],Ii[1],0,W*Lcup,Er[3],Ei[3]); 
              Er[4]:=Er[2]+Er[3];  Ei[4]:=Ei[2]+Ei[3]; 
              
ComplexDiv(Er[4],Ei[4],Rleak,W*Lleak,Ir[4],Ii[4]); 
              ComplexDiv(Er[4],Ei[4],Rmat,W*Lmat-
Ow*Kmat,Ir[5],Ii[5]); 
              ComplexDiv(Er[4],Ei[4],Rmat2,W*Lmat2-
Ow*Kmat2,Ir[6],Ii[6]); 
              Ir[7]:=Ir[1]+Ir[4]+Ir[5]+Ir[6];  
Ii[7]:=Ii[1]+Ii[4]+Ii[5]+Ii[6]; 







              ComplexMul(Ir[7],Ii[7],0,-
Ow*Kcup,Er[6],Ei[6]); 
              Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
              ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
              Mag:=10*log10(Sqr(Re)+Sqr(Im)); 
              Ssum:=Ssum+Sqr(Hpd[J,1]-Mag); 
            end; 
            if Kk=-Nn then begin 
              Ssum1:=Ssum; Kr:=Kk 
            end else begin 
              if Ssum<Ssum1 then begin Ssum1:=Ssum; Kr:=Kk 
end; 
            end; 
          end;{Kk} 
          Factor:=Exp(Kr*Delta); 
          case K of 
            1:Lcup:=Temp*Factor; 
            2:Kcup:=Temp*Factor; 
            3:Kskin:=Temp*Factor; 
            4:Rskin:=Temp*Factor; 
            5:Kcush:=Temp*Factor; 
            6:Rcush:=Temp*Factor; 
            7:Lleak:=Temp*Factor; 
            8:Rleak:=Temp*Factor; 
            9:Kmat:=Temp*Factor; 
           10:Lmat:=Temp*Factor; 
           11:Rmat:=Temp*Factor; 
           12:Kmat2:=Temp*Factor; 
           13:Lmat2:=Temp*Factor; 
           14:Rmat2:=Temp*Factor; 
          end; 
        end;{K} 
        Kplus:=Kcup+Kcush; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha<-40{70} then begin 
          Alpha:=-40; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end; 
        if Alpha>-15{70} then begin 
          Alpha:=-15; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end; 
        Q:=Sqrt(Lcup*Kplus)/Rcush; 
        if Q>1.4{0.7,2.5} then begin 
          Q:=1.4; 
          Rcush:=Sqrt(Lcup*Kplus)/Q; 
        end 
        else if Q<0.1{0.7,2.5} then begin 
          Q:=0.1; 
          Rcush:=Sqrt(Lcup*Kplus)/Q; 







        end; 
        Kplus:=Kcup+Kskin; 
        Q:=Sqrt(Lcup*Kplus)/Rskin; 
        if Q>1.4 then begin 
          Q:=1.4; 
          Rskin:=Sqrt(Lcup*Kplus)/Q; 
        end 
        else if Q<0.1 then begin 
          Q:=0.1; 
          Rskin:=Sqrt(Lcup*Kplus)/Q; 
        end; 
        Kplus:=Kcup+Kskin; 
        F:=1/(2*Pi*Sqrt(Lcup/Kplus)); 
(* 
        if F>3000 then begin 
          F:=3000; 
          Lcup:=Kplus/Sqr(2*Pi*F) 
        end; 
*) 
        Alpha:=20*log10(Kcup/KPLUS); 
        if Alpha<-40{70} then begin 
          Alpha:=-40; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kskin:=Kplus-Kcup; 
        end; 
        if Alpha>-15{70} then begin 
          Alpha:=-15; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kskin:=Kplus-Kcup; 
        end; 
      {        end;} 
        Kplus:=Kcup+Kmat; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha<-50 then begin  {-70} 
          Alpha:=-50; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat:=Kplus-Kcup; 
        end; 
        if Alpha>-30 then begin  {-70} 
          Alpha:=-30; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat:=Kplus-Kcup; 
        end; 
        Kplus:=Kcup+Kmat; 
        F:=1/(2*Pi*Sqrt(Lmat/Kplus)); 
        if F>16000 then begin 
          F:=16000; 
          Lmat:=Kplus/Sqr(2*Pi*F) 
        end 
        else if F<4000 then begin 
          F:=4000; 
          Lmat:=Kplus/Sqr(2*Pi*F) 







        end; 
        Q:=Sqrt(Lmat*Kplus)/Rmat; 
        if Q>2.5 {10,2.5} then begin 
          Q:=2.5 {10,2.5}; 
          Rmat:=Sqrt(Lmat*Kplus)/Q; 
        end 
        else if Q<1 then begin 
          Q:=1; 
          Rmat:=Sqrt(Lmat*Kplus)/Q; 
        end; 
        Kplus:=Kcup+Kmat2; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-100 then begin 
          Alpha:=-70; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat2:=Kplus-Kcup; 
        end; 
        Kplus:=Kcup+Kmat2; 
        F:=1/(2*Pi*Sqrt(Lmat2/Kplus)); 
        if F>16000 then begin 
          F:=16000; 
          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        if F<8000 then begin 
          F:=8000; 
          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        Q:=Sqrt(Lmat2*Kplus)/Rmat2; 
        if Q>1 then begin 
          Q:=1; 
          Rmat2:=Sqrt(Lmat2*Kplus)/Q; 
        end; 
 
        F:=1/(2*Pi*Sqrt(Lleak/Kcup));         { leak 
restrictions } 
{        F:=250; 
        Lleak:=Kcup/Sqr(2*Pi*F); 
} 
        if F<1 then begin 
          F:=1{5}; 
          Lleak:=Kcup/Sqr(2*Pi*F); 
        end 
        else if F>3000 then begin 
          F:=3000{1000}; 
          Lleak:=Kcup/Sqr(2*Pi*F); 
        end; 
        Q:=Sqrt(Lleak*Kcup)/Rleak; 
{       Q:=2; 
        Rleak:=Sqrt(Lleak*Kcup)/Q; 
} 
        if Q>2{0.707} then begin 







          Q:=2; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end 
        else if Q<0.1{0.2} then begin 
          Q:=0.1; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end; 
      end; 
 
      if Kskin>Kcush then begin 
        Temp:=Kskin; Kskin:=Kcush; Kcush:=Temp; 
        Temp:=Rskin; Rskin:=Rcush; Rcush:=Temp; 
      end; 
 
      for K:=1 to 14 do begin 
        case K of 
          1:begin TrimFloat(1/Kcup,St); H[Jj,Nhpd+K]:=1/Kcup 
end; 
          2:begin TrimFloat(Lcup,St);   H[Jj,Nhpd+K]:=Lcup 
end; 
          3:begin 
TrimFloat(1/Kskin,St);H[Jj,Nhpd+K]:=1/Kskin end; 
          4:begin TrimFloat(Rskin,St);  H[Jj,Nhpd+K]:=Rskin 
end; 
          5:begin TrimFloat(1/Kmat,St); H[Jj,Nhpd+K]:=1/Kmat 
end; 
          6:begin TrimFloat(Lmat,St);   H[Jj,Nhpd+K]:=Lmat 
end; 
          7:begin TrimFloat(Rmat,St);   H[Jj,Nhpd+K]:=Rmat 
end; 
          8:begin TrimFloat(Lleak,St);  H[Jj,Nhpd+K]:=Lleak 
end; 
          9:begin TrimFloat(Rleak,St);  H[Jj,Nhpd+K]:=Rleak 
end; 
         10:begin 
TrimFloat(1/Kcush,St);H[Jj,Nhpd+K]:=1/Kcush end; 
         11:begin TrimFloat(Rcush,St);  H[Jj,Nhpd+K]:=Rcush 
end; 
         12:begin 
TrimFloat(1/Kmat2,St);H[Jj,Nhpd+K]:=1/Kmat2 end; 
         13:begin TrimFloat(Lmat2,St);  H[Jj,Nhpd+K]:=Lmat2 
end; 
         14:begin TrimFloat(Rmat2,St);  H[Jj,Nhpd+K]:=Rmat2 
end; 
        end; 
        Write(OutFText,St,#9); 
      end;{K} 
      Str(Jj:0,St2); 
      for J:=0 to SizeS1 do Sig[J]:=ISig[J]; { restore 
original waveform } 
      OLcup:=1/Lcup; 







      Orskincush:=1/(Rskin+Rcush); 
      Kskincush:=Kskin+Kcush; 
 
{      PlotEaPlugModel;} 
      TimeDomainModel4; 
      for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
 
      New(Xr); New(Xi); 
      for J:=1 to Nfft do begin Xr^[J]:=0; Xi^[J]:=0 end; 
      for J:=0 to SizeS1  do begin 
        K:=1 + J div 2; 
        if not odd(J) then 
          Xr^[K]:=Sig[J] 
        else 
          Xi^[K]:=Sig[J]; 
      end; 
      ForwardFft(Nfft,Dt,Xr,Xi); 
      Eawt:=0; 
      ACWeightSetup; 
      for J:=1 to Nfft+1 do begin 
        ACWeight(F1*(J-1),ReA,ImA,ReC,ImC); 
        Temp:=Xr^[J]*ReA-Xi^[J]*ImA; 
        Xi^[J]:=Xr^[J]*ImA+Xi^[J]*ReA; 
        Xr^[J]:=Temp; 
        if (J=1) or (J=Nfft+1) then 
          Eawt:=Eawt+Sqr(Xr^[J])+Sqr(Xi^[J]) 
        else 
          Eawt:=Eawt+2*(Sqr(Xr^[J])+Sqr(Xi^[J])); 
      end; 
      Temp:=Eawt*F1; 
      RhoC:=415; { mks rayls characteristic impedance air @ 
22 deg C and 751 mmHg p 11 Beranek } 
      Eawt3:=Eawt*F1/RhoC; 
      Eawt:= 10*Log10(Temp/28800)+94; 
      Na:=Exp(Ln(2)*(85-Eawt)/3); 
      Str(Eawt:6:2,St); 
      Str(Na:3:3,St1); 
      Write(OutFText,St+#9+St1+#9); 
      Ymx:=-1e6; 
      for J:=0 to SizeS1 do if abs(Sig[J])>Ymx then 
Ymx:=abs(Sig[J]); 
      Lp:=20*Ln(Ymx)/Ln(10)+94; 
      Str(Lp:2:2,Dstr4); 
      Write(OutFText,Dstr4+#9); 
      Dispose(Xr); Dispose(Xi); 
 
      PlotEaPlugModel; 
      MemDelay1:=-50e-3; 
 
      CalculateHazard2; { reads ModelNo=1 from AHA header } 
      Str(500/MaxHazard:1:1,Dstr); 







      Write(OutFText,HazStr+#9+Dstr+#9); 
      MemDelay1:=MemDelay; 
      CalculateHazard2; 
      Str(500/MaxHazard:1:1,Dstr); 
      WriteLn(OutFText,HazStr+#9+Dstr); 
 
      {WriteLn(OutFText);} 
     { ProgressBar1.StepIt;} 
      Visible:=True; 
      repeat 
        Application.ProcessMessages; 
      until PauseFlag=0; 
     { PauseFlag:=1; } 
      Inc(Jj); 
    end; { while not Eof(InFText) } 
    Neamod:=Jj-1; 
    OpenDialog1.InitialDir:=AhaahDirectory; 
    OpenDialog1.FileName:='';{OrigFile}; 
    CloseFile(InFText); 
    CloseFile(OutFText); 
    ProgressBar1.Visible:=False; 
  end; {OpenDialog1.Execute} 
  RestoreForm; 
  {Dispose(Ma);} 
 
end; 
 
procedure TForm1.ConstrainedMassEarmuff1Click(Sender: 
TObject); 
var 
  Er,Ei,Ir,Ii : array[1..10] of double; 
  F,W,W2,Ow,Re,Im,Mag,Phase,Alpha,Q : double; 
  Fmax,Ytop,Ybottom,Yinc,Ymx,Lp : single; 
  Flen,Hn,Wn,I,Nav,Kbegin,Kend,Nbegin,Nend,Nleak,Npiston: 
integer; 
  
St0,St2,St3,Path,Dummy,Round,Channel,FName,FName2,FName3,FN
ame4,Suffix,HPDPath: string; 
 
begin 
  {New(Ma);} 
  StringGrid1.Visible:=False; 
  Edit1.Visible:=False; 
  OpenDialog1.Filter:='Prepared waveforms|*.AHA|All 
Files|*.*'; 
  if OpenDialog1.Execute then begin 
    OrigFile:=OpenDialog1.Filename; 
    RestoreForm; 
    GetDir(0,CurrentDirectory); 
    
FE:=ANSIUpperCase(ExtractFileExt(OpenDialog1.Filename)); 







    
FileName:=ANSIUpperCase(ExtractFileName(OpenDialog1.Filenam
e)); 
    Application.processmessages; 
    FName:=FileName; 
    Flen:=pos('.',FileName); 
    if Flen>0 then SetLength(FName,Flen-1); 
    hn:=Form1.ClientHeight; 
    wn:=Form1.ClientWidth; 
    h1:=Trunc(0.03*hn); 
    w1:=Trunc(0.2*wn); 
    with ProgressBar1 do begin 
      Height:=h1; 
      Top:=hn-Trunc(1.25*h1+0.5*hn); 
      Width:=w1; 
      Left:=0;   {Round((w-w1)/2)} 
      Max:=96; 
      Step:=1; 
      Position:=0; 
      Visible:=False;{True;} 
    end; 
    OpenNewFileType5; 
    Nfft:=Nn div 2; 
    F1:=1/(Nn*Dt); {Fmax:=N*F1; } 
    OpenDialog1.InitialDir:=CurrentDirectory; 
  end; 
  OpenDialog1.InitialDir:=AhaahDirectory+'\Dat\Hearing 
Protectors'; 
  OpenDialog1.filename:=''; 
  OpenDialog1.Filter:='Hearing Protector 
Device(*.txt)|*.txt|All Files|*.*'; 
  if OpenDialog1.Execute then begin 
    RestoreForm; 
    HPDfile:=ExtractFileName(OpenDialog1.Filename); 
    St:=HPDfile; 
    FName4:=St; 
    J:=Pos('.',St); 
    Dec(J); 
    St2:=Copy(St,1,J); 
    HPDFile :=AhaahDirectory+'\Dat\Hearing 
Protectors\'+HPDFile; 
    FileName:=AhaahDirectory+'\Dat\Hearing 
Protectors\'+St2+'_'+FName+'.txt'; 
    FName3  :=AhaahDirectory+'\Dat\Hearing Protectors\Custom 
HPDs\'+St2+'_'; 
    AssignFile(InFText,HPDfile); Reset(InFText); 
    Jjj:=0; 
    repeat 
      ReadLn(InFText,St3); 
      Inc(Jjj) 
    until Eof(InFText) or (St3=''); 
    Neamod:=Jjj-1; 







    Reset(InFText); 
    AssignFile(OutFText,FileName);  Rewrite(OutFText); 
    J:=0; 
    Write(OutFText,'Trial'+#9); 
    while not Eoln(InFText) do begin 
      Read(InFText,Hpd[J,0]);   Hpd[J,0]:=1e3*Hpd[J,0]; 
      Str(Hpd[J,0]:3:3,St); 
      Write(OutFText,St+#9); 
      H[0,J]:=Hpd[J,0]; 
      Inc(J) 
    end; 
    Nhpd:=J-1; 
    Nleak:=0; repeat Inc(Nleak) until abs(Hpd[Nleak,0]/500-
1)<0.1; 
    Npiston:=0; repeat Inc(Npiston) until 
abs(Hpd[Npiston,0]/4000-1)<0.1; 
 
    ReadLn(InFText); 
    
Write(OutFText,'Ccup',#9,'Lcup',#9,'Cskin',#9,'Rskin',#9,'C
mat',#9); 
    
Write(OutFText,'Lmat',#9,'Rmat',#9,'Lleak',#9,'Rleak',#9,'C
cush',#9); 
    
Write(OutFText,'Rcush',#9,'Cmat2',#9,'Lmat2',#9,'Rmat2',#9)
; 
    
WriteLn(OutFText,'LAeq8hr'+#9+'Na'+#9+'Lp'+#9+'ARU(W)'+#9+'
Nw'+#9+'ARU(U)'+#9+'Nu'); 
    Pi2:=2*Pi; 
    Jj:=2; 
    while Jj<=Neamod+1 do begin 
      Str(Jj-1:0,St); 
      FName2:=FName3+St+'.txt'; 
      AssignFile(OutFText2,FName2); Rewrite(OutFText2); 
      Kbegin:=2;  Kend:=11; 
      Write(OutFText,Jj:3,#9); 
{      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\StandardSingleOrig.txt');} 
      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\Seed_REAT_Values_Earmuff.txt'); 
      for J:=0 to Nhpd do begin  { read for real } 
        Read(InFText,Hpd[J,1]); 
        Hpd[J,1]:=-Hpd[J,1]; 
        Str(Hpd[J,1]:1:1,St); 
        Write(OutFText,St+#9); 
        H[Jj,J]:=Hpd[J,1]; 
      end; 
      ReadLn(InFText); 
      for Nfit:=1 to 10 do begin 







        case Nfit of 
          1: begin Delta:=Ln(10)/1000; Nn:=10 end; 
          2: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          3: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          4: begin Delta:=Ln(10)/1;    Nn:=10 end; 
          5: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          6: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          7: begin Delta:=Ln(10)/1000; Nn:=10 end; 
          8: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          9: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          10: begin Delta:=Ln(10)/100;   Nn:=10 end; 
        end; {case} 
        for K:=Kbegin to Kend do begin 
          Nbegin:=0; Nend:=Nhpd; 
          case K of 
            1:Temp:=Lcup; 
            2:begin Temp:=Kcup; Nbegin:=Nleak; Nend:=Npiston 
end; 
            3:begin Temp:=Kskin;Nbegin:=Nleak; Nend:=Npiston 
end; 
            4:begin Temp:=Rskin;Nbegin:=Nleak; Nend:=Npiston 
end; 
            5:begin Temp:=Kcush;Nbegin:=Nleak; Nend:=Npiston 
end; 
            6:begin Temp:=Rcush;Nbegin:=Nleak; Nend:=Npiston 
end; 
            7:begin Temp:=Lleak; Nend:=Nleak end; 
            8:begin Temp:=Rleak; Nend:=Nleak end; 
            9:begin Temp:=Kmat; Nbegin:=Npiston end; 
           10:begin Temp:=Lmat; Nbegin:=Npiston end; 
           11:begin Temp:=Rmat; Nbegin:=Npiston end; 
           12:Temp:=Kmat2; 
           13:Temp:=Lmat2; 
           14:Temp:=Rmat2; 
          end; 
          for Kk:=-Nn to Nn do begin 
            Factor:=Exp(Kk*Delta); 
            case K of 
              1:Lcup:=Temp*Factor; 
              2:Kcup:=Temp*Factor; 
              3:Kskin:=Temp*factor; 
              4:Rskin:=Temp*Factor; 
              5:Kcush:=Temp*Factor; 
              6:Rcush:=Temp*factor; 
              7:Lleak:=Temp*Factor; 
              8:Rleak:=Temp*Factor; 
              9:Kmat:=Temp*Factor; 
             10:Lmat:=Temp*Factor; 
             11:Rmat:=Temp*Factor; 
             12:Kmat2:=Temp*Factor; 
             13:Lmat2:=Temp*Factor; 
             14:Rmat2:=Temp*Factor; 







            end; 
            Ssum:=0; 
            for J:=Nbegin to Nend do begin 
              W:=Pi2*Hpd[J,0];  W2:=W*W; Ow:=1/W; 
              Ir[2]:=1;            Ii[2]:=0; 
              ComplexMul(Ir[2],Ii[2],Rskin,-
Ow*Kskin,Er[2],Ei[2]); 
              ComplexDiv(Er[2],Ei[2],Rcush,-
Ow*Kcush,Ir[3],Ii[3]); 
              Ir[1]:=Ir[2]+Ir[3];  Ii[1]:=Ii[2]+Ii[3]; 
              ComplexMul(Ir[1],Ii[1],0,W*Lcup,Er[3],Ei[3]); 
              Er[4]:=Er[2]+Er[3];  Ei[4]:=Ei[2]+Ei[3]; 
              
ComplexDiv(Er[4],Ei[4],Rleak,W*Lleak,Ir[4],Ii[4]); 
              ComplexDiv(Er[4],Ei[4],Rmat,W*Lmat-
Ow*Kmat,Ir[5],Ii[5]); 
              ComplexDiv(Er[4],Ei[4],Rmat2,W*Lmat2-
Ow*Kmat2,Ir[6],Ii[6]); 
              Ir[7]:=Ir[1]+Ir[4]+Ir[5]+Ir[6];  
Ii[7]:=Ii[1]+Ii[4]+Ii[5]+Ii[6]; 
              ComplexMul(Ir[7],Ii[7],0,-
Ow*Kcup,Er[6],Ei[6]); 
              Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
              ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
              Mag:=10*log10(Sqr(Re)+Sqr(Im)); 
              Ssum:=Ssum+Sqr(Hpd[J,1]-Mag); 
            end; 
            if Kk=-Nn then begin 
              Ssum1:=Ssum; Kr:=Kk 
            end else begin 
              if Ssum<Ssum1 then begin Ssum1:=Ssum; Kr:=Kk 
end; 
            end; 
          end;{Kk} 
          Factor:=Exp(Kr*Delta); 
          case K of 
            1:Lcup:=Temp*Factor; 
            2:Kcup:=Temp*Factor; 
            3:Kskin:=Temp*Factor; 
            4:Rskin:=Temp*Factor; 
            5:Kcush:=Temp*Factor; 
            6:Rcush:=Temp*Factor; 
            7:Lleak:=Temp*Factor; 
            8:Rleak:=Temp*Factor; 
            9:Kmat:=Temp*Factor; 
           10:Lmat:=Temp*Factor; 
           11:Rmat:=Temp*Factor; 
           12:Kmat2:=Temp*Factor; 
           13:Lmat2:=Temp*Factor; 
           14:Rmat2:=Temp*Factor; 
          end; 
        end;{K} 







 
        Kplus:=Kcup+Kcush; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha<-45{70} then begin 
          Alpha:=-45; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end 
        else if Alpha>-15{70} then begin 
          Alpha:=-15; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end; 
{        F:=1/(2*Pi*Sqrt(Lcup/Kplus)); 
        if F>2000 then begin 
          F:=2000; 
          Kplus:=Lcup*Sqr(2*Pi*F) 
        end; 
} 
        Q:=Sqrt(Lcup*Kplus)/Rcush; 
        if Q>2{0.7,2.5} then begin 
          Q:=2; 
          Rcush:=Sqrt(Lcup*Kplus)/Q; 
        end 
        else if Q<0.1{0.7,2.5} then begin 
          Q:=0.1; 
          Rcush:=Sqrt(Lcup*Kplus)/Q; 
        end; 
 
(* 
        if Kskin>3*Kcush then Kskin:=3*Kcush; 
        if Kskin<0.333*Kcush then Kskin:=0.333*Kcush; 
*) 
        Kskin:=Kcush; 
        Rskin:=Rcush; 
 
        Kplus:=Kcup+Kmat; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha<-50 then begin  {-70} 
          Alpha:=-50; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat:=Kplus-Kcup; 
        end 
        else if Alpha>-35 then begin  {-70} 
          Alpha:=-35; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat:=Kplus-Kcup; 
        end; 
        Kplus:=Kcup+Kmat; 
        F:=1/(2*Pi*Sqrt(Lmat/Kplus)); 
        if F>16000 then begin 







          F:=16000; 
          Lmat:=Kplus/Sqr(2*Pi*F) 
        end; 
 
        Q:=Sqrt(Lmat*Kplus)/Rmat; 
        if Q>5 {5,2.5} then begin 
          Q:=5 {5,2.5}; 
          Rmat:=Sqrt(Lmat*Kplus)/Q; 
        end 
        else if Q<0.5 {5,2.5} then begin 
          Q:=0.5 {5,2.5}; 
          Rmat:=Sqrt(Lmat*Kplus)/Q; 
        end; 
        Kplus:=Kcup+Kmat2; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-100 then begin 
          Alpha:=-70; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat2:=Kplus-Kcup; 
        end; 
        Kplus:=Kcup+Kmat2; 
        F:=1/(2*Pi*Sqrt(Lmat2/Kplus)); 
        if F>16000 then begin 
          F:=16000; 
          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        if F<8000 then begin 
          F:=8000; 
          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        Q:=Sqrt(Lmat2*Kplus)/Rmat2; 
        if Q>1 then begin 
          Q:=1; 
          Rmat2:=Sqrt(Lmat2*Kplus)/Q; 
        end; 
 
        F:=1/(2*Pi*Sqrt(Lleak/Kcup));            { leak 
restrictions } 
        if F<1 then begin 
          F:=1; 
          Lleak:=Kcup/Sqr(2*Pi*F); 
        end else if F>1000 then begin 
          F:=1000; 
          Lleak:=Kcup/Sqr(2*Pi*F); 
        end; 
        Q:=Sqrt(Lleak*Kcup)/Rleak; 
        if Q>5{0.707} then begin 
          Q:=5; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end 
        else if Q<0.1{0.2} then begin 







          Q:=0.1; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end; 
 
      end; 
 
      if Kskin>Kcush then begin 
        Temp:=Kskin; Kskin:=Kcush; Kcush:=Temp; 
        Temp:=Rskin; Rskin:=Rcush; Rcush:=Temp; 
      end; 
 
 
 
      for K:=1 to 14 do begin 
        case K of 
          1:begin TrimFloat(1/Kcup,St); H[Jj,Nhpd+K]:=1/Kcup 
end; 
          2:begin TrimFloat(Lcup,St);   H[Jj,Nhpd+K]:=Lcup 
end; 
          3:begin 
TrimFloat(1/Kskin,St);H[Jj,Nhpd+K]:=1/Kskin end; 
          4:begin TrimFloat(Rskin,St);  H[Jj,Nhpd+K]:=Rskin 
end; 
          5:begin TrimFloat(1/Kmat,St); H[Jj,Nhpd+K]:=1/Kmat 
end; 
          6:begin TrimFloat(Lmat,St);   H[Jj,Nhpd+K]:=Lmat 
end; 
          7:begin TrimFloat(Rmat,St);   H[Jj,Nhpd+K]:=Rmat 
end; 
          8:begin TrimFloat(Lleak,St);  H[Jj,Nhpd+K]:=Lleak 
end; 
          9:begin TrimFloat(Rleak,St);  H[Jj,Nhpd+K]:=Rleak 
end; 
         10:begin 
TrimFloat(1/Kcush,St);H[Jj,Nhpd+K]:=1/Kcush end; 
         11:begin TrimFloat(Rcush,St);  H[Jj,Nhpd+K]:=Rcush 
end; 
         12:begin 
TrimFloat(1/Kmat2,St);H[Jj,Nhpd+K]:=1/Kmat2 end; 
         13:begin TrimFloat(Lmat2,St);  H[Jj,Nhpd+K]:=Lmat2 
end; 
         14:begin TrimFloat(Rmat2,St);  H[Jj,Nhpd+K]:=Rmat2 
end; 
        end; 
        Write(OutFText,St,#9); 
      end;{K} 
      Str(Jj:0,St2); 
      TrimFloat(1/Kcush,St); 
WriteLn(OutFText2,St,#9,'Ccush',#9); 
      TrimFloat(Rcush,St); 
WriteLn(OutFText2,St,#9,'Rcush',#9); 







      TrimFloat(1/Kskin,St); 
WriteLn(OutFText2,St,#9,'Cskin',#9); 
      TrimFloat(Rskin,St); 
WriteLn(OutFText2,St,#9,'Rskin',#9); 
      TrimFloat(Lleak,St); 
WriteLn(OutFText2,St,#9,'Lleak',#9); 
      TrimFloat(Rleak,St); 
WriteLn(OutFText2,St,#9,'Rleak',#9); 
      TrimFloat(Lcup,St); 
WriteLn(OutFText2,St,#9,'Lcup',#9); 
      TrimFloat(1/Kcup,St); 
WriteLn(OutFText2,St,#9,'Ccup',#9); 
      TrimFloat(Rmat,St); 
WriteLn(OutFText2,St,#9,'Rmat',#9); 
      TrimFloat(Lmat,St); 
WriteLn(OutFText2,St,#9,'Lmat',#9); 
      TrimFloat(1/Kmat,St); 
WriteLn(OutFText2,St,#9,'Cmat',#9); 
      TrimFloat(Rmat2,St); 
WriteLn(OutFText2,St,#9,'Rmat2',#9); 
      TrimFloat(Lmat2,St); 
WriteLn(OutFText2,St,#9,'Lmat2',#9); 
      TrimFloat(1/Kmat2,St); 
WriteLn(OutFText2,St,#9,'Cmat2',#9); 
      WriteLn(OutFText2,FName4,#9); 
      Str(Jj-1:0,St2); 
      WriteLn(OutFText2,St2,#9); 
      
WriteLn(OutFText2,'Freq(kHz)',#9,'Mean_Gain(dB)',#9,'StDev_
Gain(dB)',#9); 
      for J:=0 to Nhpd do begin 
        Str(Hpd[J,0]/1000:3:3,St2); Write(OutFText2,St2,#9); 
        Str(Hpd[J,1]:2:2,St2); Write(OutFText2,St2,#9); 
        WriteLn(OutFText2,'0',#9); 
      end; 
      CloseFile(OutFText2); 
      for J:=0 to SizeS1 do Sig[J]:=ISig[J]; { restore 
original waveform } 
      OLcup:=1/Lcup; 
      Orskincush:=1/(Rskin+Rcush); 
      Kskincush:=Kskin+Kcush; 
 
{      PlotEaPlugModel;} 
      TimeDomainModel4; 
      for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
 
      New(Xr); New(Xi); 
      for J:=1 to Nfft do begin Xr^[J]:=0; Xi^[J]:=0 end; 
      for J:=0 to SizeS1  do begin 
        K:=1 + J div 2; 
        if not odd(J) then 







          Xr^[K]:=Sig[J] 
        else 
          Xi^[K]:=Sig[J]; 
      end; 
      ForwardFft(Nfft,Dt,Xr,Xi); 
      Eawt:=0; 
      ACWeightSetup; 
      for J:=1 to Nfft+1 do begin 
        ACWeight(F1*(J-1),ReA,ImA,ReC,ImC); 
        Temp:=Xr^[J]*ReA-Xi^[J]*ImA; 
        Xi^[J]:=Xr^[J]*ImA+Xi^[J]*ReA; 
        Xr^[J]:=Temp; 
        if (J=1) or (J=Nfft+1) then 
          Eawt:=Eawt+Sqr(Xr^[J])+Sqr(Xi^[J]) 
        else 
          Eawt:=Eawt+2*(Sqr(Xr^[J])+Sqr(Xi^[J])); 
      end; 
      Temp:=Eawt*F1; 
      RhoC:=415; { mks rayls characteristic impedance air @ 
22 deg C and 751 mmHg p 11 Beranek } 
      Eawt3:=Eawt*F1/RhoC; 
      Eawt:= 10*Log10(Temp/28800)+94; 
      Na:=Exp(Ln(2)*(85-Eawt)/3); 
      Str(Eawt:6:2,St); 
      Str(Na:3:3,St1); 
      Write(OutFText,St+#9+St1+#9); 
      Ymx:=-1e6; 
      for J:=0 to SizeS1 do if abs(Sig[J])>Ymx then 
Ymx:=abs(Sig[J]); 
      Lp:=20*Ln(Ymx)/Ln(10)+94; 
      Str(Lp:2:2,Dstr4); 
      Write(OutFText,Dstr4+#9); 
      Dispose(Xr); Dispose(Xi); 
 
      PlotEaPlugModel; 
      MemDelay1:=-50e-3; 
      CalculateHazard2; { reads ModelNo=1 from AHA header } 
      Str(500/MaxHazard:1:1,Dstr); 
      Write(OutFText,HazStr+#9+Dstr+#9); 
      MemDelay1:=MemDelay; 
      CalculateHazard2; 
      Str(500/MaxHazard:1:1,Dstr); 
      WriteLn(OutFText,HazStr+#9+Dstr); 
     { ProgressBar1.StepIt;} 
      Visible:=True; 
      PauseFlag:=0; 
      repeat 
        Application.ProcessMessages; 
      until PauseFlag=0; 
 {     PauseFlag:=1; } 
      Inc(Jj); 







    end; { while not Eof(InFText) } 
    Neamod:=Jj-1; 
    OpenDialog1.InitialDir:=AhaahDirectory; 
    OpenDialog1.FileName:='';{OrigFile}; 
    CloseFile(InFText); 
    CloseFile(OutFText); 
    ProgressBar1.Visible:=False; 
  end; {OpenDialog1.Execute} 
  RestoreForm; 
 { Dispose(Ma);} 
end; 
 
procedure TForm1.PredictCEPressure1Click(Sender: TObject); 
var 
  Message1:word; 
  NewItem,NewItem2 : TMenuItem; 
  Choice : string; 
begin 
  for J:=0 to SizeS1 do Sig[J]:=ISig[J]; 
  PlotNew:=True; 
  PressureTimePlot; 
  PlotNew:=False; 
  OverlayColor:=5; 
  Canvas.Pen.Color:=clGreen; 
  OpenDialog1.InitialDir:=AhaahDirectory+'\Dat\Hearing 
Protectors\Custom HPDs\'; 
  OpenDialog1.filename:=''; 
  OpenDialog1.Filter:='Hearing Protector 
Device(*.txt)|*.txt|All Files|*.*'; 
  if OpenDialog1.Execute then begin 
    HPDfile:=ExtractFileName(OpenDialog1.Filename); 
    HPDfile2:=HPDfile; 
  end; 
  HPDFile:=AhaahDirectory+'\Dat\Hearing Protectors\Custom 
HPDs\'+HPDFile; 
  ReadHPDFile(HPDfile); 
  TimeDomainModel4; 
  for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
  StringGrid1.Cells[1,3]:='1'; 
{  MainMenu1.Items[1].Enabled:=False;} 
  MainMenu1.Items[0].Items[4].Enabled:=False; { Save AHA 
(line is 3)} 
  ProgressBar1.Visible:=True; 
  Edit1.Visible:=True; 
  Edit1.Text:='WARNED'; 
  Application.ProcessMessages; 
  if MovieOpen Then CancelMovieClick(Sender); { Disposes 
previous Ma } 
  if FileOpen then begin 
    {New(Ma);} 
    MovieOpen:=True; 







    PopupMenu1.AutoPopUp:=False; 
    MemDelay1:=MemDelay; 
    CalculateHazard3; 
(* 
    Str(500/MaxHazard:1:1,Dstr); 
    StringGrid1.Cells[0,10]:='Custom unwarned for a 
'+HPDFile2; 
    StringGrid1.Cells[1,10]:=Dstr; 
    StringGrid1.Cells[2,10]:=HazStr+' A.R.U. custom 
protection warned'; 
*) 
    Application.ProcessMessages; 
    NewItem2:=TMenuItem.Create(MainMenu1); 
    NewItem2.Caption:='Movie[Cancel ,'; 
    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem2); 
    NewItem2.OnClick:=CancelMovieClick; 
    NewItem:=TMenuItem.Create(MainMenu1); 
    NewItem.Caption:='Stapes Displacement]'; 
    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem); 
    NewItem.OnClick:=AnimateClick; 
  end; 
  PopupMenu1.AutoPopUp:=True; 
  OpenDialog1.InitialDir:=CurrentDirectory; 
  OpenDialog1.FileName:=OrigFile; 
end; 
 
procedure TForm1.PredictTMPressure1Click(Sender: TObject); 
var 
  Message1:word; 
  NewItem,NewItem2 : TMenuItem; 
  Choice : string; 
begin 
  for J:=0 to SizeS1 do Sig[J]:=ISig[J]; 
  PlotNew:=True; 
  PressureTimePlot; 
  PlotNew:=False; 
  OverlayColor:=5; 
  Canvas.Pen.Color:=clGreen; 
  OpenDialog1.InitialDir:=AhaahDirectory+'\Dat\Hearing 
Protectors\Custom HPDs\'; 
  OpenDialog1.filename:=''; 
  OpenDialog1.Filter:='Hearing Protector 
Device(*.txt)|*.txt|All Files|*.*'; 
  if OpenDialog1.Execute then begin 
    HPDfile:=ExtractFileName(OpenDialog1.Filename); 
    HPDfile2:=HPDfile; 
  end; 
  HPDFile:=AhaahDirectory+'\Dat\Hearing Protectors\Custom 
HPDs\'+HPDFile; 
  ReadHPDFile(HPDfile); 







  TimeDomainModel4;  { HPD model pre-filters Free-field 
measured wave, then applied to opean ear } 
  for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
  StringGrid1.Cells[1,3]:='1'; 
{  MainMenu1.Items[1].Enabled:=False;} 
  MainMenu1.Items[0].Items[4].Enabled:=False; { Save AHA 
(line is 3)} 
  ProgressBar1.Visible:=True; 
  Edit1.Visible:=True; 
  Edit1.Text:='WARNED'; 
  Application.ProcessMessages; 
  if MovieOpen Then CancelMovieClick(Sender); { Disposes 
previous Ma } 
  if FileOpen then begin 
    {New(Ma);} 
    MovieOpen:=True; 
    PopupMenu1.AutoPopUp:=False; 
    MemDelay1:=MemDelay; 
    CalculateHazard3; 
(* 
    Str(500/MaxHazard:1:1,Dstr); 
    StringGrid1.Cells[0,10]:='Custom unwarned for a 
'+HPDFile2; 
    StringGrid1.Cells[1,10]:=Dstr; 
    StringGrid1.Cells[2,10]:=HazStr+' A.R.U. custom 
protection warned'; 
*) 
    Application.ProcessMessages; 
    NewItem2:=TMenuItem.Create(MainMenu1); 
    NewItem2.Caption:='Movie[Cancel ,'; 
    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem2); 
    NewItem2.OnClick:=CancelMovieClick; 
    NewItem:=TMenuItem.Create(MainMenu1); 
    NewItem.Caption:='Stapes Displacement]'; 
    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem); 
    NewItem.OnClick:=AnimateClick; 
  end; 
  PopupMenu1.AutoPopUp:=True; 
  OpenDialog1.InitialDir:=CurrentDirectory; 
  OpenDialog1.FileName:=OrigFile; 
end; 
 
procedure TForm1.MultipleAHAandHPD1Click(Sender: TObject); 
var 
  Er,Ei,Ir,Ii : array[1..10] of double; 
  F,W,W2,Ow,Re,Im,Mag,Phase,Alpha,Q : double; 
  Fmax,Ytop,Ybottom,Yinc,Ymx,Lp : single; 
  
Kaha,Flen,Hn,Wn,I,Nav,Kbegin,Kend,Nbegin,Nend,Nleak,Npiston
: integer; 







  
St0,St2,St3,Path,Dummy,Round,Channel,FName,Suffix,HPDPath: 
string; 
  SearchRec : TSearchRec; 
begin 
  {New(Ma);} 
  StringGrid1.Visible:=False; 
  Edit1.Visible:=False; 
(* 
  OpenDialog1.Filter:='Prepared waveforms|*.AHA|All 
Files|*.*'; 
  if OpenDialog1.Execute then begin 
    OrigFile:=OpenDialog1.Filename; 
    RestoreForm; 
    GetDir(0,CurrentDirectory); 
    
FE:=ANSIUpperCase(ExtractFileExt(OpenDialog1.Filename)); 
    
FileName:=ANSIUpperCase(ExtractFileName(OpenDialog1.Filenam
e)); 
    Application.processmessages; 
    FName:=FileName; 
    Flen:=pos('.',FileName); 
    if Flen>0 then SetLength(FName,Flen-1); 
*) 
(* 
    OpenNewFileType5; 
    Nfft:=Nn div 2; 
    F1:=1/(Nn*Dt); {Fmax:=N*F1; } 
    OpenDialog1.InitialDir:=CurrentDirectory; 
  end; 
*) 
  OpenDialog1.InitialDir:=AhaahDirectory+'\Dat\Hearing 
Protectors'; 
  OpenDialog1.filename:=''; 
  OpenDialog1.Filter:='Hearing Protector 
Device(*.txt)|*.txt|All Files|*.*'; 
  if OpenDialog1.Execute then begin 
    RestoreForm; 
    HPDfile2:=ExtractFileName(OpenDialog1.Filename); 
    HPDFile:=AhaahDirectory+'\Dat\Hearing 
Protectors\'+HPDFile2; 
    AssignFile(InFText,HPDfile); Reset(InFText); 
    St:=HPDfile2; 
    J:=Pos('.',St); 
    Dec(J); 
    St3:=Copy(St,1,J); 
    Kk:=0; 
    while not Eof(InFText) do begin 
      ReadLn(InFText,St); 
      Inc(Kk) 
    end; 







    Dec(Kk); { Don't count top freq line } 
  end; 
  OpenDialog1.FileName:='Choose Folder and any one of the AHA 
files'; 
  OpenDialog1.InitialDir:=AhaahDirectory; 
  OpenDialog1.Filter:='Pooled AHA files|*.AHA'; 
  if OpenDialog1.Execute then begin 
    RestoreForm; 
    GetDir(0,CurrentDirectory); 
    Path:=ExtractFilePath(OpenDialog1.FileName); 
    St:=Path; 
    J:=length(St)-1; 
    while St[J]<>'\' do Dec(J); 
    Inc(J); 
    FName:=Copy(St,J,length(St)-J); { \folder name} 
    FileName:=Path+St3+'_'+FName+'.txt'; 
    AssignFile(OutFText,FileName);  Rewrite(OutFText); 
    FName:=Path+'*.AHA'; 
    Code:=SysUtils.FindFirst(FName,faAnyFile,SearchRec); 
    K:=0; 
    repeat 
      Inc(K); 
      AhaFile[K]:=SearchRec.Name; 
    until SysUtils.FindNext(SearchRec)<>0; 
    SysUtils.FindClose(SearchRec); 
    Kaha:=K; 
 
    hn:=Form1.ClientHeight; 
    wn:=Form1.ClientWidth; 
    h1:=Trunc(0.03*hn); 
    w1:=Trunc(0.2*wn); 
 
    clearcanvas; 
 
    with ProgressBar1 do begin 
      Height:=h1; 
      Top:=hn-Trunc(1.25*h1{+0.5*hn}); 
      Width:=w1; 
      Left:=0;   {Round((w-w1)/2)} 
      Max:=100; { 96 } 
      Step:=1;   {  1 } 
      Position:=0; 
      Visible:=True;{True;} 
    end; 
    St:='Folder_AHA-EA_HPD_Script'; 
{    LabelProgressBar;} 
    J:=0; 
    Write(OutFText,'Trial'+#9+'AHA'+#9); 
    
Write(OutFText,'LAeq8hr'+#9+'Na'+#9+'Lp'+#9+'ARU(W)'+#9+'Nw
'+#9+'ARU(U)'+#9+'Nu'+#9); 







    Reset(InFText); 
    while not Eoln(InFText) do begin 
      Read(InFText,Hpd[J,0]);   Hpd[J,0]:=1e3*Hpd[J,0]; 
      Str(Hpd[J,0]:3:3,St); 
      Write(OutFText,St+#9); 
      H[0,J]:=Hpd[J,0]; 
      Inc(J) 
    end; 
    Nleak:=0; repeat Inc(Nleak) until abs(Hpd[Nleak,0]/500-
1)<0.1; 
    Npiston:=0; repeat Inc(Npiston) until 
abs(Hpd[Npiston,0]/4000-1)<0.1; 
    ReadLn(InFText); 
    
Write(OutFText,'Ccup',#9,'Lcup',#9,'Cskin',#9,'Rskin',#9,'C
mat',#9); 
    
Write(OutFText,'Lmat',#9,'Rmat',#9,'Lleak',#9,'Rleak',#9,'C
cush',#9); 
    
WriteLn(OutFText,'Rcush',#9,'Cmat2',#9,'Lmat2',#9,'Rmat2'); 
    Nhpd:=J-1; 
    Pi2:=2*Pi; 
    Jj:=1; 
    while not Eof(InFText) do begin 
      St3:=''; 
      Kbegin:=2;  Kend:=11; 
  {   ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\StandardSingleOrig.txt');} 
      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\Seed_REAT_Values_Earmuff.txt'); 
      for J:=0 to Nhpd do begin  { read for real } 
        Read(InFText,Hpd[J,1]); 
        Hpd[J,1]:=-Hpd[J,1]; 
        Str(Hpd[J,1]:1:1,St); 
       { Write(OutFText,St+#9); } 
        St3:=St3+St+#9; 
        H[Jj,J]:=Hpd[J,1]; 
      end; 
      ReadLn(InFText); 
      for Nfit:=1 to 10 do begin 
        case Nfit of 
          1: begin Delta:=Ln(10)/1000; Nn:=10 end; 
          2: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          3: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          4: begin Delta:=Ln(10)/1;    Nn:=10 end; 
          5: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          6: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          7: begin Delta:=Ln(10)/1000; Nn:=10 end; 
          8: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          9: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          10: begin Delta:=Ln(10)/100;   Nn:=10 end; 







        end; {case} 
        for K:=Kbegin to Kend do begin 
          Nbegin:=0; Nend:=Nhpd; 
          case K of 
            1:Temp:=Lcup; 
            2:begin Temp:=Kcup; Nbegin:=Nleak; Nend:=Npiston 
end; 
            3:begin Temp:=Kskin;Nbegin:=Nleak; Nend:=Npiston 
end; 
            4:begin Temp:=Rskin;Nbegin:=Nleak; Nend:=Npiston 
end; 
            5:begin Temp:=Kcush;Nbegin:=Nleak; Nend:=Npiston 
end; 
            6:begin Temp:=Rcush;Nbegin:=Nleak; Nend:=Npiston 
end; 
            7:begin Temp:=Lleak; Nend:=Nleak end; 
            8:begin Temp:=Rleak; Nend:=Nleak end; 
            9:begin Temp:=Kmat; Nbegin:=Npiston end; 
           10:begin Temp:=Lmat; Nbegin:=Npiston end; 
           11:begin Temp:=Rmat; Nbegin:=Npiston end; 
           12:Temp:=Kmat2; 
           13:Temp:=Lmat2; 
           14:Temp:=Rmat2; 
          end; 
          for Kk:=-Nn to Nn do begin 
            Factor:=Exp(Kk*Delta); 
            case K of 
              1:Lcup:=Temp*Factor; 
              2:Kcup:=Temp*Factor; 
              3:Kskin:=Temp*factor; 
              4:Rskin:=Temp*Factor; 
              5:Kcush:=Temp*Factor; 
              6:Rcush:=Temp*factor; 
              7:Lleak:=Temp*Factor; 
              8:Rleak:=Temp*Factor; 
              9:Kmat:=Temp*Factor; 
             10:Lmat:=Temp*Factor; 
             11:Rmat:=Temp*Factor; 
             12:Kmat2:=Temp*Factor; 
             13:Lmat2:=Temp*Factor; 
             14:Rmat2:=Temp*Factor; 
            end; 
            Ssum:=0; 
            for J:=Nbegin to Nend do begin 
              W:=Pi2*Hpd[J,0];  W2:=W*W; Ow:=1/W; 
              Ir[2]:=1;            Ii[2]:=0; 
              ComplexMul(Ir[2],Ii[2],Rskin,-
Ow*Kskin,Er[2],Ei[2]); 
              ComplexDiv(Er[2],Ei[2],Rcush,-
Ow*Kcush,Ir[3],Ii[3]); 
              Ir[1]:=Ir[2]+Ir[3];  Ii[1]:=Ii[2]+Ii[3]; 
              ComplexMul(Ir[1],Ii[1],0,W*Lcup,Er[3],Ei[3]); 







              Er[4]:=Er[2]+Er[3];  Ei[4]:=Ei[2]+Ei[3]; 
              
ComplexDiv(Er[4],Ei[4],Rleak,W*Lleak,Ir[4],Ii[4]); 
              ComplexDiv(Er[4],Ei[4],Rmat,W*Lmat-
Ow*Kmat,Ir[5],Ii[5]); 
              ComplexDiv(Er[4],Ei[4],Rmat2,W*Lmat2-
Ow*Kmat2,Ir[6],Ii[6]); 
              Ir[7]:=Ir[1]+Ir[4]+Ir[5]+Ir[6];  
Ii[7]:=Ii[1]+Ii[4]+Ii[5]+Ii[6]; 
              ComplexMul(Ir[7],Ii[7],0,-
Ow*Kcup,Er[6],Ei[6]); 
              Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
              ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
              Mag:=10*log10(Sqr(Re)+Sqr(Im)); 
              Ssum:=Ssum+Sqr(Hpd[J,1]-Mag); 
            end; 
            if Kk=-Nn then begin 
              Ssum1:=Ssum; Kr:=Kk 
            end else begin 
              if Ssum<Ssum1 then begin Ssum1:=Ssum; Kr:=Kk 
end; 
            end; 
          end;{Kk} 
          Factor:=Exp(Kr*Delta); 
          case K of 
            1:Lcup:=Temp*Factor; 
            2:Kcup:=Temp*Factor; 
            3:Kskin:=Temp*Factor; 
            4:Rskin:=Temp*Factor; 
            5:Kcush:=Temp*Factor; 
            6:Rcush:=Temp*Factor; 
            7:Lleak:=Temp*Factor; 
            8:Rleak:=Temp*Factor; 
            9:Kmat:=Temp*Factor; 
           10:Lmat:=Temp*Factor; 
           11:Rmat:=Temp*Factor; 
           12:Kmat2:=Temp*Factor; 
           13:Lmat2:=Temp*Factor; 
           14:Rmat2:=Temp*Factor; 
          end; 
        end;{K} 
 
        Kplus:=Kcup+Kcush; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha<-45{70} then begin 
          Alpha:=-45; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end 
        else if Alpha>-15{70} then begin 
          Alpha:=-15; 







          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end; 
  {        F:=1/(2*Pi*Sqrt(Lcup/Kplus)); 
        if F>2000 then begin 
          F:=2000; 
          Kplus:=Lcup*Sqr(2*Pi*F) 
        end; 
  } 
        Q:=Sqrt(Lcup*Kplus)/Rcush; 
        if Q>2{0.7,2.5} then begin 
          Q:=2; 
          Rcush:=Sqrt(Lcup*Kplus)/Q; 
        end 
        else if Q<0.1{0.7,2.5} then begin 
          Q:=0.1; 
          Rcush:=Sqrt(Lcup*Kplus)/Q; 
        end; 
 
  (* 
        if Kskin>3*Kcush then Kskin:=3*Kcush; 
        if Kskin<0.333*Kcush then Kskin:=0.333*Kcush; 
  *) 
        Kskin:=Kcush; 
        Rskin:=Rcush; 
 
        Kplus:=Kcup+Kmat; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha<-50 then begin  {-70} 
          Alpha:=-50; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat:=Kplus-Kcup; 
        end 
        else if Alpha>-35 then begin  {-70} 
          Alpha:=-35; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat:=Kplus-Kcup; 
        end; 
        Kplus:=Kcup+Kmat; 
        F:=1/(2*Pi*Sqrt(Lmat/Kplus)); 
        if F>16000 then begin 
          F:=16000; 
          Lmat:=Kplus/Sqr(2*Pi*F) 
        end; 
 
        Q:=Sqrt(Lmat*Kplus)/Rmat; 
        if Q>5 {5,2.5} then begin 
          Q:=5 {5,2.5}; 
          Rmat:=Sqrt(Lmat*Kplus)/Q; 
        end 
        else if Q<0.5 {5,2.5} then begin 







          Q:=0.5 {5,2.5}; 
          Rmat:=Sqrt(Lmat*Kplus)/Q; 
        end; 
        Kplus:=Kcup+Kmat2; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-100 then begin 
          Alpha:=-70; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat2:=Kplus-Kcup; 
        end; 
        Kplus:=Kcup+Kmat2; 
        F:=1/(2*Pi*Sqrt(Lmat2/Kplus)); 
        if F>16000 then begin 
          F:=16000; 
          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        if F<8000 then begin 
          F:=8000; 
          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        Q:=Sqrt(Lmat2*Kplus)/Rmat2; 
        if Q>1 then begin 
          Q:=1; 
          Rmat2:=Sqrt(Lmat2*Kplus)/Q; 
        end; 
 
        F:=1/(2*Pi*Sqrt(Lleak/Kcup));            { leak 
restrictions } 
        if F<1 then begin 
          F:=1; 
          Lleak:=Kcup/Sqr(2*Pi*F); 
        end else if F>1000 then begin 
          F:=1000; 
          Lleak:=Kcup/Sqr(2*Pi*F); 
        end; 
        Q:=Sqrt(Lleak*Kcup)/Rleak; 
        if Q>5{0.707} then begin 
          Q:=5; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end 
        else if Q<0.1{0.2} then begin 
          Q:=0.1; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end; 
 
      end; 
 
      if Kskin>Kcush then begin 
        Temp:=Kskin; Kskin:=Kcush; Kcush:=Temp; 
        Temp:=Rskin; Rskin:=Rcush; Rcush:=Temp; 
      end; 







 
 
 
      for K:=1 to 14 do begin 
        case K of 
          1:begin TrimFloat(1/Kcup,St); H[Jj,Nhpd+K]:=1/Kcup 
end; 
          2:begin TrimFloat(Lcup,St);   H[Jj,Nhpd+K]:=Lcup 
end; 
          3:begin 
TrimFloat(1/Kskin,St);H[Jj,Nhpd+K]:=1/Kskin end; 
          4:begin TrimFloat(Rskin,St);  H[Jj,Nhpd+K]:=Rskin 
end; 
          5:begin TrimFloat(1/Kmat,St); H[Jj,Nhpd+K]:=1/Kmat 
end; 
          6:begin TrimFloat(Lmat,St);   H[Jj,Nhpd+K]:=Lmat 
end; 
          7:begin TrimFloat(Rmat,St);   H[Jj,Nhpd+K]:=Rmat 
end; 
          8:begin TrimFloat(Lleak,St);  H[Jj,Nhpd+K]:=Lleak 
end; 
          9:begin TrimFloat(Rleak,St);  H[Jj,Nhpd+K]:=Rleak 
end; 
         10:begin 
TrimFloat(1/Kcush,St);H[Jj,Nhpd+K]:=1/Kcush end; 
         11:begin TrimFloat(Rcush,St);  H[Jj,Nhpd+K]:=Rcush 
end; 
         12:begin 
TrimFloat(1/Kmat2,St);H[Jj,Nhpd+K]:=1/Kmat2 end; 
         13:begin TrimFloat(Lmat2,St);  H[Jj,Nhpd+K]:=Lmat2 
end; 
         14:begin TrimFloat(Rmat2,St);  H[Jj,Nhpd+K]:=Rmat2 
end; 
        end; 
        {Write(OutFText,St,#9);} 
        St3:=St3+St+#9; 
      end;{K} 
      OLcup:=1/Lcup; 
      Orskincush:=1/(Rskin+Rcush); 
      Kskincush:=Kskin+Kcush; 
      for Jjj:=1 to Kaha do begin 
        Str(Jj:0,St2); 
        St2:=St2+#9+AhaFile[Jjj]+#9; 
        Write(OutFText,St2); 
        FileName:=Path+AhaFile[Jjj]; 
        OpenNewFileType5; 
        Nfft:=Nn div 2; 
        F1:=1/(Nn*Dt); {Fmax:=N*F1; } 
        for J:=0 to SizeS1 do Sig[J]:=ISig[J]; { restore 
original waveform } 
    {   PlotEaPlugModel;} 







        TimeDomainModel4; 
        for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
 
        New(Xr); New(Xi); 
        for J:=1 to Nfft do begin Xr^[J]:=0; Xi^[J]:=0 end; 
        for J:=0 to SizeS1  do begin 
          K:=1 + J div 2; 
          if not odd(J) then 
            Xr^[K]:=Sig[J] 
          else 
            Xi^[K]:=Sig[J]; 
        end; 
        ForwardFft(Nfft,Dt,Xr,Xi); 
        Eawt:=0; 
        ACWeightSetup; 
        for J:=1 to Nfft+1 do begin 
          ACWeight(F1*(J-1),ReA,ImA,ReC,ImC); 
          Temp:=Xr^[J]*ReA-Xi^[J]*ImA; 
          Xi^[J]:=Xr^[J]*ImA+Xi^[J]*ReA; 
          Xr^[J]:=Temp; 
          if (J=1) or (J=Nfft+1) then 
            Eawt:=Eawt+Sqr(Xr^[J])+Sqr(Xi^[J]) 
          else 
            Eawt:=Eawt+2*(Sqr(Xr^[J])+Sqr(Xi^[J])); 
        end; 
        Temp:=Eawt*F1; 
        RhoC:=415; { mks rayls characteristic impedance air 
@ 22 deg C and 751 mmHg p 11 Beranek } 
        Eawt3:=Eawt*F1/RhoC; 
        Eawt:= 10*Log10(Temp/28800)+94; 
        Na:=Exp(Ln(2)*(85-Eawt)/3); 
        Str(Eawt:6:2,St); 
        Str(Na:3:3,St1); 
        Write(OutFText,St+#9+St1+#9); 
        Ymx:=-1e6; 
        for J:=0 to SizeS1 do if abs(Sig[J])>Ymx then 
Ymx:=abs(Sig[J]); 
        Lp:=20*Ln(Ymx)/Ln(10)+94; 
        Str(Lp:2:2,Dstr4); 
        Write(OutFText,Dstr4+#9); 
        Dispose(Xr); Dispose(Xi); 
 
        PlotEaPlugModel; 
        MemDelay1:=-50e-3; 
        CalculateHazard2; { reads ModelNo=1 from AHA header 
} 
        Str(500/MaxHazard:1:1,Dstr); 
        Write(OutFText,HazStr+#9+Dstr+#9); 
        MemDelay1:=MemDelay; 
        CalculateHazard2; 
        Str(500/MaxHazard:1:1,Dstr); 







        Write(OutFText,HazStr+#9+Dstr+#9); 
        WriteLn(OutFText,St3); 
        { ProgressBar1.StepIt;} 
        Visible:=True; 
        PauseFlag:=0; 
        repeat 
          Application.ProcessMessages; 
        until PauseFlag=0; 
      {  PauseFlag:=1;} 
      end; {Next Jjj waveform} 
      Inc(Jj); 
    end; { Next Jj HPD,   while not Eof(InFText) } 
    Neamod:=Jj-1; 
    OpenDialog1.InitialDir:=AhaahDirectory; 
    OpenDialog1.FileName:='';{OrigFile}; 
    CloseFile(InFText); 
    CloseFile(OutFText); 
  end; { OpenDialog1.Execute } 
  ProgressBar1.Visible:=False; 
  RestoreForm; 
  {Dispose(Ma);} 
end; 
 
procedure TForm1.MultipleAHAfilesHPDScript1Click(Sender: 
TObject); 
var 
  Er,Ei,Ir,Ii : array[1..10] of double; 
  F,W,W2,Ow,Re,Im,Mag,Phase,Alpha,Q : double; 
  Fmax,Ytop,Ybottom,Yinc,Ymx,Lp : single; 
  
Kaha,Flen,Hn,Wn,I,Nav,Kbegin,Kend,Nbegin,Nend,Nleak,Npiston
: integer; 
  
St0,St2,St3,Path,Dummy,Round,Channel,FName,Suffix,HPDPath: 
string; 
  SearchRec : TSearchRec; 
begin 
  {New(Ma);} 
  StringGrid1.Visible:=False; 
  Edit1.Visible:=False; 
(* 
  OpenDialog1.Filter:='Prepared waveforms|*.AHA|All 
Files|*.*'; 
  if OpenDialog1.Execute then begin 
    OrigFile:=OpenDialog1.Filename; 
    RestoreForm; 
    GetDir(0,CurrentDirectory); 
    
FE:=ANSIUpperCase(ExtractFileExt(OpenDialog1.Filename)); 







    
FileName:=ANSIUpperCase(ExtractFileName(OpenDialog1.Filenam
e)); 
    Application.processmessages; 
    FName:=FileName; 
    Flen:=pos('.',FileName); 
    if Flen>0 then SetLength(FName,Flen-1); 
*) 
(* 
    OpenNewFileType5; 
    Nfft:=Nn div 2; 
    F1:=1/(Nn*Dt); {Fmax:=N*F1; } 
    OpenDialog1.InitialDir:=CurrentDirectory; 
  end; 
*) 
  OpenDialog1.InitialDir:=AhaahDirectory+'\Dat\Hearing 
Protectors'; 
  OpenDialog1.filename:=''; 
  OpenDialog1.Filter:='Hearing Protector 
Device(*.txt)|*.txt|All Files|*.*'; 
  if OpenDialog1.Execute then begin 
    RestoreForm; 
    HPDfile2:=ExtractFileName(OpenDialog1.Filename); 
    HPDFile:=AhaahDirectory+'\Dat\Hearing 
Protectors\'+HPDFile2; 
    AssignFile(InFText,HPDfile); Reset(InFText); 
    St:=HPDfile2; 
    J:=Pos('.',St); 
    Dec(J); 
    St3:=Copy(St,1,J); 
    Kk:=0; 
    while not Eof(InFText) do begin 
      ReadLn(InFText,St); 
      Inc(Kk) 
    end; 
    Dec(Kk); { Don't count top freq line } 
  end; 
  OpenDialog1.FileName:='Choose Folder and any one of the AHA 
files'; 
  OpenDialog1.InitialDir:=AhaahDirectory; 
  OpenDialog1.Filter:='Pooled AHA files|*.AHA'; 
  if OpenDialog1.Execute then begin 
    RestoreForm; 
    GetDir(0,CurrentDirectory); 
    Path:=ExtractFilePath(OpenDialog1.FileName); 
    St:=Path; 
    J:=length(St)-1; 
    while St[J]<>'\' do Dec(J); 
    Inc(J); 
    FName:=Copy(St,J,length(St)-J); { \folder name} 
    FileName:=Path+St3+'_'+FName+'.txt'; 
    AssignFile(OutFText,FileName);  Rewrite(OutFText); 







    FName:=Path+'*.AHA'; 
    Code:=SysUtils.FindFirst(FName,faAnyFile,SearchRec); 
    K:=0; 
    repeat 
      Inc(K); 
      AhaFile[K]:=SearchRec.Name; 
    until SysUtils.FindNext(SearchRec)<>0; 
    SysUtils.FindClose(SearchRec); 
    Kaha:=K; 
 
    hn:=Form1.ClientHeight; 
    wn:=Form1.ClientWidth; 
    h1:=Trunc(0.03*hn); 
    w1:=Trunc(0.2*wn); 
 
    clearcanvas; 
 
    with ProgressBar1 do begin 
      Height:=h1; 
      Top:=hn-Trunc(1.25*h1{+0.5*hn}); 
      Width:=w1; 
      Left:=0;   {Round((w-w1)/2)} 
      Max:=100; { 96 } 
      Step:=1;   {  1 } 
      Position:=0; 
      Visible:=True;{True;} 
    end; 
    St:='Folder_AHA-EA_HPD_Script'; 
{    LabelProgressBar;} 
    J:=0; 
    Write(OutFText,'Trial'+#9+'AHA'+#9); 
    
Write(OutFText,'LAeq8hr'+#9+'Na'+#9+'Lp'+#9+'ARU(W)'+#9+'Nw
'+#9+'ARU(U)'+#9+'Nu'+#9); 
 
    Reset(InFText); 
    while not Eoln(InFText) do begin 
      Read(InFText,Hpd[J,0]);   Hpd[J,0]:=1e3*Hpd[J,0]; 
      Str(Hpd[J,0]:3:3,St); 
      Write(OutFText,St+#9); 
      H[0,J]:=Hpd[J,0]; 
      Inc(J) 
    end; 
    Nleak:=0; repeat Inc(Nleak) until abs(Hpd[Nleak,0]/500-
1)<0.1; 
    Npiston:=0; repeat Inc(Npiston) until 
abs(Hpd[Npiston,0]/4000-1)<0.1; 
    ReadLn(InFText); 
    
Write(OutFText,'Ccup',#9,'Lcup',#9,'Cskin',#9,'Rskin',#9,'C
mat',#9); 







    
Write(OutFText,'Lmat',#9,'Rmat',#9,'Lleak',#9,'Rleak',#9,'C
cush',#9); 
    
WriteLn(OutFText,'Rcush',#9,'Cmat2',#9,'Lmat2',#9,'Rmat2'); 
    Nhpd:=J-1; 
    Pi2:=2*Pi; 
    Jj:=1; 
    while not Eof(InFText) do begin 
      St3:=''; 
      Kbegin:=2;  Kend:=11; 
  {   Write(OutFText,Jj:3,#9);} 
  {      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\StandardSingleOrig.txt');} 
      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\Seed_REAT_Values_Earmuff.txt'); 
      for J:=0 to Nhpd do begin  { read for real } 
        Read(InFText,Hpd[J,1]); 
        Hpd[J,1]:=-Hpd[J,1]; 
        Str(Hpd[J,1]:1:1,St); 
        {Write(OutFText,St+#9);} 
        St3:=St3+St+#9; 
        H[Jj,J]:=Hpd[J,1]; 
      end; 
      ReadLn(InFText); 
      for Nfit:=1 to 10 do begin 
        case Nfit of 
          1: begin Delta:=Ln(10)/1000; Nn:=10 end; 
          2: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          3: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          4: begin Delta:=Ln(10)/1;    Nn:=10 end; 
          5: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          6: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          7: begin Delta:=Ln(10)/1000; Nn:=10 end; 
          8: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          9: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          10: begin Delta:=Ln(10)/100;   Nn:=10 end; 
        end; {case} 
        for K:=Kbegin to Kend do begin 
          Nbegin:=0; Nend:=Nhpd; 
          case K of 
            1:Temp:=Lcup; 
            2:begin Temp:=Kcup; Nbegin:=Nleak; Nend:=Npiston 
end; 
            3:begin Temp:=Kskin;Nbegin:=Nleak; Nend:=Npiston 
end; 
            4:begin Temp:=Rskin;Nbegin:=Nleak; Nend:=Npiston 
end; 
            5:begin Temp:=Kcush;Nbegin:=Nleak; Nend:=Npiston 
end; 
            6:begin Temp:=Rcush;Nbegin:=Nleak; Nend:=Npiston 
end; 







            7:begin Temp:=Lleak; Nend:=Nleak end; 
            8:begin Temp:=Rleak; Nend:=Nleak end; 
            9:begin Temp:=Kmat; Nbegin:=Npiston end; 
           10:begin Temp:=Lmat; Nbegin:=Npiston end; 
           11:begin Temp:=Rmat; Nbegin:=Npiston end; 
           12:Temp:=Kmat2; 
           13:Temp:=Lmat2; 
           14:Temp:=Rmat2; 
          end; 
          for Kk:=-Nn to Nn do begin 
            Factor:=Exp(Kk*Delta); 
            case K of 
              1:Lcup:=Temp*Factor; 
              2:Kcup:=Temp*Factor; 
              3:Kskin:=Temp*factor; 
              4:Rskin:=Temp*Factor; 
              5:Kcush:=Temp*Factor; 
              6:Rcush:=Temp*factor; 
              7:Lleak:=Temp*Factor; 
              8:Rleak:=Temp*Factor; 
              9:Kmat:=Temp*Factor; 
             10:Lmat:=Temp*Factor; 
             11:Rmat:=Temp*Factor; 
             12:Kmat2:=Temp*Factor; 
             13:Lmat2:=Temp*Factor; 
             14:Rmat2:=Temp*Factor; 
            end; 
            Ssum:=0; 
            for J:=Nbegin to Nend do begin 
              W:=Pi2*Hpd[J,0];  W2:=W*W; Ow:=1/W; 
              Ir[2]:=1;            Ii[2]:=0; 
              ComplexMul(Ir[2],Ii[2],Rskin,-
Ow*Kskin,Er[2],Ei[2]); 
              ComplexDiv(Er[2],Ei[2],Rcush,-
Ow*Kcush,Ir[3],Ii[3]); 
              Ir[1]:=Ir[2]+Ir[3];  Ii[1]:=Ii[2]+Ii[3]; 
              ComplexMul(Ir[1],Ii[1],0,W*Lcup,Er[3],Ei[3]); 
              Er[4]:=Er[2]+Er[3];  Ei[4]:=Ei[2]+Ei[3]; 
              
ComplexDiv(Er[4],Ei[4],Rleak,W*Lleak,Ir[4],Ii[4]); 
              ComplexDiv(Er[4],Ei[4],Rmat,W*Lmat-
Ow*Kmat,Ir[5],Ii[5]); 
              ComplexDiv(Er[4],Ei[4],Rmat2,W*Lmat2-
Ow*Kmat2,Ir[6],Ii[6]); 
              Ir[7]:=Ir[1]+Ir[4]+Ir[5]+Ir[6];  
Ii[7]:=Ii[1]+Ii[4]+Ii[5]+Ii[6]; 
              ComplexMul(Ir[7],Ii[7],0,-
Ow*Kcup,Er[6],Ei[6]); 
              Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
              ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
              Mag:=10*log10(Sqr(Re)+Sqr(Im)); 
              Ssum:=Ssum+Sqr(Hpd[J,1]-Mag); 







            end; 
            if Kk=-Nn then begin 
              Ssum1:=Ssum; Kr:=Kk 
            end else begin 
              if Ssum<Ssum1 then begin Ssum1:=Ssum; Kr:=Kk 
end; 
            end; 
          end;{Kk} 
          Factor:=Exp(Kr*Delta); 
          case K of 
            1:Lcup:=Temp*Factor; 
            2:Kcup:=Temp*Factor; 
            3:Kskin:=Temp*Factor; 
            4:Rskin:=Temp*Factor; 
            5:Kcush:=Temp*Factor; 
            6:Rcush:=Temp*Factor; 
            7:Lleak:=Temp*Factor; 
            8:Rleak:=Temp*Factor; 
            9:Kmat:=Temp*Factor; 
           10:Lmat:=Temp*Factor; 
           11:Rmat:=Temp*Factor; 
           12:Kmat2:=Temp*Factor; 
           13:Lmat2:=Temp*Factor; 
           14:Rmat2:=Temp*Factor; 
          end; 
        end;{K} 
 
        Kplus:=Kcup+Kcush; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-10 then begin 
          Alpha:=-10; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end 
        else if Alpha<-40 then begin 
          Alpha:=-40; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end; 
        if Kcup>1e10 then Kcup:=1e10; 
        if Kcush<1000 then Kcush:=1000; 
        Kplus:=Kcup+Kcush; 
        F:=1/(2*Pi*Sqrt(Lcup/Kplus)); 
        if F<1000 then 
          F:=1000 
        else if F>6000 then 
          F:=6000; 
        Kplus:=Lcup*Sqr(2*Pi*F); 
        Kcush:=Kplus-Kcup; 
        if Kcush<1000 then Kcush:=1000; 
        Kplus:=Kcup+Kcush; 







        Q:=Sqrt(Lcup*Kplus)/Rcush; 
        if Q>2{0.7,2.5} then begin 
          Q:=2; 
          Rcush:=Sqrt(Lcup*Kplus)/Q; 
        end else if Q<0.5 then begin 
          Q:=0.5; 
          Rcush:=Sqrt(Lcup*Kplus)/Q; 
        end; 
        if Rcush<1000 then Rcush:=1000; 
        if Kcup<1000 then Kcup:=1000; 
        if Kskin>10*Kcush then Kskin:=10*Kcush; 
        if Kskin<Kcush/10 then Kskin:=Kcush/10; 
        if Rskin>10*Rcush then Rskin:=10*Rcush; 
        if Rskin<Rcush/10 then Rskin:=Rcush/10; 
        if Hpd[1,1]<-30 then begin 
          Lleak:=25000; 
          Rleak:=200000; 
        end else if Hpd[1,1]<-5 then begin 
          Lleak:=500; 
          Rleak:=200000; 
        end else if Hpd[1,1]<-2.5 then begin 
          Lleak:=25; 
          Rleak:=20000; 
        end; 
        Kplus:=Kcup+Kmat; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-30 then begin  {-30} 
          Alpha:=-30; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat:=Kplus-Kcup; 
        end else if Alpha<-50 then begin  {-70} 
          Alpha:=-50; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat:=Kplus-Kcup; 
        end; 
        Kplus:=Kcup+Kmat; 
        F:=1/(2*Pi*Sqrt(Lmat/Kplus)); 
        if F>8000 then begin 
          F:=8000; 
          Lmat:=Kplus/Sqr(2*Pi*F) 
        end 
        else if F<3000 then begin 
          F:=3000; 
          Lmat:=Kplus/Sqr(2*Pi*F) 
        end; 
        Q:=Sqrt(Lmat*Kplus)/Rmat; 
        if Q>5 {5,2.5} then begin 
          Q:=5 {5,2.5}; 
          Rmat:=Sqrt(Lmat*Kplus)/Q; 
        end else if Q<0.5 {5,2.5} then begin 
          Q:=0.5 {5,2.5}; 
          Rmat:=Sqrt(Lmat*Kplus)/Q; 







        end; 
        Kplus:=Kcup+Kmat2; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-70 then begin 
          Alpha:=-70; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat2:=Kplus-Kcup; 
        end; 
        Kplus:=Kcup+Kmat2; 
        F:=1/(2*Pi*Sqrt(Lmat2/Kplus)); 
        if F>16000 then begin 
          F:=16000; 
          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        if F<8000 then begin 
          F:=8000; 
          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        Q:=Sqrt(Lmat2*Kplus)/Rmat2; 
        if Q>1 then begin 
          Q:=1; 
          Rmat2:=Sqrt(Lmat2*Kplus)/Q; 
        end; 
        F:=1/(2*Pi*Sqrt(Lleak/Kcup));            { leak 
restrictions } 
        if F<5 then F:=5; 
        if F>2000 then F:=2000; 
        Lleak:=Kcup/Sqr(2*Pi*F); 
        Q:=Sqrt(Lleak*Kcup)/Rleak; 
        if Q>1{0.707} then begin 
          Q:=1; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end 
        else if Q<0.1 then begin 
          Q:=0.1; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end; 
      end; 
 
      if Kskin>Kcush then begin 
        Temp:=Kskin; Kskin:=Kcush; Kcush:=Temp; 
        Temp:=Rskin; Rskin:=Rcush; Rcush:=Temp; 
      end; 
 
      for K:=1 to 14 do begin 
        case K of 
          1:begin TrimFloat(1/Kcup,St); H[Jj,Nhpd+K]:=1/Kcup 
end; 
          2:begin TrimFloat(Lcup,St);   H[Jj,Nhpd+K]:=Lcup 
end; 







          3:begin 
TrimFloat(1/Kskin,St);H[Jj,Nhpd+K]:=1/Kskin end; 
          4:begin TrimFloat(Rskin,St);  H[Jj,Nhpd+K]:=Rskin 
end; 
          5:begin TrimFloat(1/Kmat,St); H[Jj,Nhpd+K]:=1/Kmat 
end; 
          6:begin TrimFloat(Lmat,St);   H[Jj,Nhpd+K]:=Lmat 
end; 
          7:begin TrimFloat(Rmat,St);   H[Jj,Nhpd+K]:=Rmat 
end; 
          8:begin TrimFloat(Lleak,St);  H[Jj,Nhpd+K]:=Lleak 
end; 
          9:begin TrimFloat(Rleak,St);  H[Jj,Nhpd+K]:=Rleak 
end; 
         10:begin 
TrimFloat(1/Kcush,St);H[Jj,Nhpd+K]:=1/Kcush end; 
         11:begin TrimFloat(Rcush,St);  H[Jj,Nhpd+K]:=Rcush 
end; 
         12:begin 
TrimFloat(1/Kmat2,St);H[Jj,Nhpd+K]:=1/Kmat2 end; 
         13:begin TrimFloat(Lmat2,St);  H[Jj,Nhpd+K]:=Lmat2 
end; 
         14:begin TrimFloat(Rmat2,St);  H[Jj,Nhpd+K]:=Rmat2 
end; 
        end; 
        {Write(OutFText,St,#9);} 
        St3:=St3+St+#9; 
      end;{K} 
      OLcup:=1/Lcup; 
      Orskincush:=1/(Rskin+Rcush); 
      Kskincush:=Kskin+Kcush; 
      for Jjj:=1 to Kaha do begin 
        Str(Jj:0,St2); 
        St2:=St2+#9+AhaFile[Jjj]+#9; 
        Write(OutFText,St2); 
        FileName:=Path+AhaFile[Jjj]; 
        OpenNewFileType5; 
        Nfft:=Nn div 2; 
        F1:=1/(Nn*Dt); {Fmax:=N*F1; } 
        for J:=0 to SizeS1 do Sig[J]:=ISig[J]; { restore 
original waveform } 
    {   PlotEaPlugModel;} 
        TimeDomainModel4; 
        for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
 
        New(Xr); New(Xi); 
        for J:=1 to Nfft do begin Xr^[J]:=0; Xi^[J]:=0 end; 
        for J:=0 to SizeS1  do begin 
          K:=1 + J div 2; 
          if not odd(J) then 
            Xr^[K]:=Sig[J] 







          else 
            Xi^[K]:=Sig[J]; 
        end; 
        ForwardFft(Nfft,Dt,Xr,Xi); 
        Eawt:=0; 
        ACWeightSetup; 
        for J:=1 to Nfft+1 do begin 
          ACWeight(F1*(J-1),ReA,ImA,ReC,ImC); 
          Temp:=Xr^[J]*ReA-Xi^[J]*ImA; 
          Xi^[J]:=Xr^[J]*ImA+Xi^[J]*ReA; 
          Xr^[J]:=Temp; 
          if (J=1) or (J=Nfft+1) then 
            Eawt:=Eawt+Sqr(Xr^[J])+Sqr(Xi^[J]) 
          else 
            Eawt:=Eawt+2*(Sqr(Xr^[J])+Sqr(Xi^[J])); 
        end; 
        Temp:=Eawt*F1; 
        RhoC:=415; { mks rayls characteristic impedance air 
@ 22 deg C and 751 mmHg p 11 Beranek } 
        Eawt3:=Eawt*F1/RhoC; 
        Eawt:= 10*Log10(Temp/28800)+94; 
        Na:=Exp(Ln(2)*(85-Eawt)/3); 
        Str(Eawt:6:2,St); 
        Str(Na:3:3,St1); 
        Write(OutFText,St+#9+St1+#9); 
        Ymx:=-1e6; 
        for J:=0 to SizeS1 do if abs(Sig[J])>Ymx then 
Ymx:=abs(Sig[J]); 
        Lp:=20*Ln(Ymx)/Ln(10)+94; 
        Str(Lp:2:2,Dstr4); 
        Write(OutFText,Dstr4+#9); 
        Dispose(Xr); Dispose(Xi); 
 
        PlotEaPlugModel; 
        MemDelay1:=-50e-3; 
        CalculateHazard2; { reads ModelNo=1 from AHA header 
} 
        Str(500/MaxHazard:1:1,Dstr); 
        Write(OutFText,HazStr+#9+Dstr+#9); 
        MemDelay1:=MemDelay; 
        CalculateHazard2; 
        Str(500/MaxHazard:1:1,Dstr); 
        Write(OutFText,HazStr+#9+Dstr+#9); 
        WriteLn(OutFText,St3); 
        { ProgressBar1.StepIt;} 
        Visible:=True; 
        repeat 
          Application.ProcessMessages; 
        until PauseFlag=0; 
    {     PauseFlag:=1; } 
      end; { Next Aha, Jjj } 







      Inc(Jj); 
    end; { while not Eof(InFText) } 
    Neamod:=Jj-1; 
    OpenDialog1.InitialDir:=AhaahDirectory; 
    OpenDialog1.FileName:='';{OrigFile}; 
    CloseFile(InFText); 
    CloseFile(OutFText); 
  end; { OpenDialog1.Execute } 
  ProgressBar1.Visible:=False; 
  RestoreForm; 
  {Dispose(Ma);} 
end; 
 
procedure TForm1.DoubleHearingProtectionModel1Click(Sender: 
TObject); 
var 
  Er,Ei,Ir,Ii : array[1..10] of double; 
  F,W,W2,Ow,Re,Im,Mag,Phase,Alpha,Q : double; 
  Fmax,Ytop,Ybottom,Yinc,Ymx,Lp : single; 
  Flen,Hn,Wn,I,Nav,Kbegin,Kend,Nbegin,Nend,Nleak,Npiston: 
integer; 
  
St0,St2,St3,Path,Dummy,Round,Channel,FName,Suffix,HPDPath: 
string; 
 
begin 
  StringGrid1.Visible:=False; 
  Edit1.Visible:=False; 
  OpenDialog1.Filter:='Prepared waveforms|*.AHA|All 
Files|*.*'; 
  if OpenDialog1.Execute then begin 
    OrigFile:=OpenDialog1.Filename; 
    RestoreForm; 
    GetDir(0,CurrentDirectory); 
    
FE:=ANSIUpperCase(ExtractFileExt(OpenDialog1.Filename)); 
    
FileName:=ANSIUpperCase(ExtractFileName(OpenDialog1.Filenam
e)); 
    Application.processmessages; 
    FName:=FileName; 
    Flen:=pos('.',FileName); 
    if Flen>0 then SetLength(FName,Flen-1); 
    hn:=Form1.ClientHeight; 
    wn:=Form1.ClientWidth; 
    h1:=Trunc(0.03*hn); 
    w1:=Trunc(0.2*wn); 
    with ProgressBar1 do begin 
      Height:=h1; 
      Top:=hn-Trunc(1.25*h1+0.5*hn); 
      Width:=w1; 







      Left:=0;   {Round((w-w1)/2)} 
      Max:=96; 
      Step:=1; 
      Position:=0; 
      Visible:=False;{True;} 
    end; 
    OpenNewFileType5; 
    Nfft:=Nn div 2; 
    F1:=1/(Nn*Dt); {Fmax:=N*F1; } 
    OpenDialog1.InitialDir:=CurrentDirectory; 
  end; 
  OpenDialog1.InitialDir:=AhaahDirectory+'\Dat\Hearing 
Protectors'; 
  OpenDialog1.filename:=''; 
  OpenDialog1.Filter:='Hearing Protector 
Device(*.txt)|*.txt|All Files|*.*'; 
  if OpenDialog1.Execute then begin 
    RestoreForm; 
    HPDfile:=ExtractFileName(OpenDialog1.Filename); 
    HPDFile:=AhaahDirectory+'\Dat\Hearing 
Protectors\'+HPDFile; 
    AssignFile(InFText,HPDfile); Reset(InFText); 
    St:=HPDfile; 
    J:=Pos('.',St); 
    Dec(J); 
    St3:=Copy(St,1,J); 
    FileName:=St3; 
    FileName:=FileName+'_'+FName+'.txt'; 
    AssignFile(OutFText,FileName);  Rewrite(OutFText); 
    J:=0; 
    Write(OutFText,'Trial'+#9); 
    while not Eoln(InFText) do begin 
      Read(InFText,Hpd[J,0]);   Hpd[J,0]:=1e3*Hpd[J,0]; 
      Str(Hpd[J,0]:3:3,St); 
      Write(OutFText,St+#9); 
      H[0,J]:=Hpd[J,0]; 
      Inc(J) 
    end; 
 
    Nleak:=0; repeat Inc(Nleak) until abs(Hpd[Nleak,0]/500-
1)<0.1; 
    Npiston:=0; repeat Inc(Npiston) until 
abs(Hpd[Npiston,0]/4000-1)<0.1; 
 
 
 
    ReadLn(InFText); 
    
Write(OutFText,'Ccup',#9,'Lcup',#9,'Cskin',#9,'Rskin',#9,'C
mat',#9); 







    
Write(OutFText,'Lmat',#9,'Rmat',#9,'Lleak',#9,'Rleak',#9,'C
cush',#9); 
    
Write(OutFText,'Rcush',#9,'Cmat2',#9,'Lmat2',#9,'Rmat2',#9)
; 
    
WriteLn(OutFText,'LAeq8hr'+#9+'Na'+#9+'Lp'+#9+'ARU(W)'+#9+'
Nw'+#9+'ARU(U)'+#9+'Nu'); 
    Nhpd:=J-1; 
    Pi2:=2*Pi; 
    Jj:=1; 
    while not Eof(InFText) do begin 
      Kbegin:=2;  Kend:=11; 
      Write(OutFText,Jj:3,#9); 
{      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\StandardSingleOrig.txt');} 
      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\Seed_REAT_Values_Earmuff.txt'); 
      for J:=0 to Nhpd do begin  { read for real } 
        Read(InFText,Hpd[J,1]); 
        Hpd[J,1]:=-Hpd[J,1]; 
        Str(Hpd[J,1]:1:1,St); 
        Write(OutFText,St+#9); 
        H[Jj,J]:=Hpd[J,1]; 
      end; 
      ReadLn(InFText); 
      for Nfit:=1 to 10 do begin 
        case Nfit of 
          1: begin Delta:=Ln(10)/1000; Nn:=10 end; 
          2: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          3: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          4: begin Delta:=Ln(10)/1;    Nn:=10 end; 
          5: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          6: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          7: begin Delta:=Ln(10)/1000; Nn:=10 end; 
          8: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          9: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          10: begin Delta:=Ln(10)/100;   Nn:=10 end; 
        end; {case} 
        for K:=Kbegin to Kend do begin 
          Nbegin:=0; Nend:=Nhpd; 
          case K of 
            1:Temp:=Lcup; 
            2:begin Temp:=Kcup; Nbegin:=Nleak; Nend:=Npiston 
end; 
            3:begin Temp:=Kskin;Nbegin:=Nleak; Nend:=Npiston 
end; 
            4:begin Temp:=Rskin;Nbegin:=Nleak; Nend:=Npiston 
end; 
            5:begin Temp:=Kcush;Nbegin:=Nleak; Nend:=Npiston 
end; 







            6:begin Temp:=Rcush;Nbegin:=Nleak; Nend:=Npiston 
end; 
            7:begin Temp:=Lleak; Nend:=Nleak end; 
            8:begin Temp:=Rleak; Nend:=Nleak end; 
            9:begin Temp:=Kmat; Nbegin:=Npiston end; 
           10:begin Temp:=Lmat; Nbegin:=Npiston end; 
           11:begin Temp:=Rmat; Nbegin:=Npiston end; 
           12:Temp:=Kmat2; 
           13:Temp:=Lmat2; 
           14:Temp:=Rmat2; 
          end; 
          for Kk:=-Nn to Nn do begin 
            Factor:=Exp(Kk*Delta); 
            case K of 
              1:Lcup:=Temp*Factor; 
              2:Kcup:=Temp*Factor; 
              3:Kskin:=Temp*factor; 
              4:Rskin:=Temp*Factor; 
              5:Kcush:=Temp*Factor; 
              6:Rcush:=Temp*factor; 
              7:Lleak:=Temp*Factor; 
              8:Rleak:=Temp*Factor; 
              9:Kmat:=Temp*Factor; 
             10:Lmat:=Temp*Factor; 
             11:Rmat:=Temp*Factor; 
             12:Kmat2:=Temp*Factor; 
             13:Lmat2:=Temp*Factor; 
             14:Rmat2:=Temp*Factor; 
            end; 
            Ssum:=0; 
            for J:=Nbegin to Nend do begin 
              W:=Pi2*Hpd[J,0];  W2:=W*W; Ow:=1/W; 
              Ir[2]:=1;            Ii[2]:=0; 
              ComplexMul(Ir[2],Ii[2],Rskin,-
Ow*Kskin,Er[2],Ei[2]); 
              ComplexDiv(Er[2],Ei[2],Rcush,-
Ow*Kcush,Ir[3],Ii[3]); 
              Ir[1]:=Ir[2]+Ir[3];  Ii[1]:=Ii[2]+Ii[3]; 
              ComplexMul(Ir[1],Ii[1],0,W*Lcup,Er[3],Ei[3]); 
              Er[4]:=Er[2]+Er[3];  Ei[4]:=Ei[2]+Ei[3]; 
              
ComplexDiv(Er[4],Ei[4],Rleak,W*Lleak,Ir[4],Ii[4]); 
              ComplexDiv(Er[4],Ei[4],Rmat,W*Lmat-
Ow*Kmat,Ir[5],Ii[5]); 
              ComplexDiv(Er[4],Ei[4],Rmat2,W*Lmat2-
Ow*Kmat2,Ir[6],Ii[6]); 
              Ir[7]:=Ir[1]+Ir[4]+Ir[5]+Ir[6];  
Ii[7]:=Ii[1]+Ii[4]+Ii[5]+Ii[6]; 
              ComplexMul(Ir[7],Ii[7],0,-
Ow*Kcup,Er[6],Ei[6]); 
              Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
              ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 







              Mag:=10*log10(Sqr(Re)+Sqr(Im)); 
              Ssum:=Ssum+Sqr(Hpd[J,1]-Mag); 
            end; 
            if Kk=-Nn then begin 
              Ssum1:=Ssum; Kr:=Kk 
            end else begin 
              if Ssum<Ssum1 then begin Ssum1:=Ssum; Kr:=Kk 
end; 
            end; 
          end;{Kk} 
          Factor:=Exp(Kr*Delta); 
          case K of 
            1:Lcup:=Temp*Factor; 
            2:Kcup:=Temp*Factor; 
            3:Kskin:=Temp*Factor; 
            4:Rskin:=Temp*Factor; 
            5:Kcush:=Temp*Factor; 
            6:Rcush:=Temp*Factor; 
            7:Lleak:=Temp*Factor; 
            8:Rleak:=Temp*Factor; 
            9:Kmat:=Temp*Factor; 
           10:Lmat:=Temp*Factor; 
           11:Rmat:=Temp*Factor; 
           12:Kmat2:=Temp*Factor; 
           13:Lmat2:=Temp*Factor; 
           14:Rmat2:=Temp*Factor; 
          end; 
        end;{K} 
 
        Kplus:=Kcup+Kcush; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha<-45{70} then begin 
          Alpha:=-45; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end 
        else if Alpha>-15{70} then begin 
          Alpha:=-15; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end; 
{        F:=1/(2*Pi*Sqrt(Lcup/Kplus)); 
        if F>2000 then begin 
          F:=2000; 
          Kplus:=Lcup*Sqr(2*Pi*F) 
        end; 
} 
        Q:=Sqrt(Lcup*Kplus)/Rcush; 
        if Q>2{0.7,2.5} then begin 
          Q:=2; 
          Rcush:=Sqrt(Lcup*Kplus)/Q; 







        end 
        else if Q<0.1{0.7,2.5} then begin 
          Q:=0.1; 
          Rcush:=Sqrt(Lcup*Kplus)/Q; 
        end; 
 
(* 
        if Kskin>3*Kcush then Kskin:=3*Kcush; 
        if Kskin<0.333*Kcush then Kskin:=0.333*Kcush; 
*) 
        Kskin:=Kcush; 
        Rskin:=Rcush; 
 
        Kplus:=Kcup+Kmat; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha<-50 then begin  {-70} 
          Alpha:=-50; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat:=Kplus-Kcup; 
        end 
        else if Alpha>-35 then begin  {-70} 
          Alpha:=-35; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat:=Kplus-Kcup; 
        end; 
        Kplus:=Kcup+Kmat; 
        F:=1/(2*Pi*Sqrt(Lmat/Kplus)); 
        if F>16000 then begin 
          F:=16000; 
          Lmat:=Kplus/Sqr(2*Pi*F) 
        end; 
 
        Q:=Sqrt(Lmat*Kplus)/Rmat; 
        if Q>5 {5,2.5} then begin 
          Q:=5 {5,2.5}; 
          Rmat:=Sqrt(Lmat*Kplus)/Q; 
        end 
        else if Q<0.5 {5,2.5} then begin 
          Q:=0.5 {5,2.5}; 
          Rmat:=Sqrt(Lmat*Kplus)/Q; 
        end; 
        Kplus:=Kcup+Kmat2; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-100 then begin 
          Alpha:=-70; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat2:=Kplus-Kcup; 
        end; 
        Kplus:=Kcup+Kmat2; 
        F:=1/(2*Pi*Sqrt(Lmat2/Kplus)); 
        if F>16000 then begin 







          F:=16000; 
          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        if F<8000 then begin 
          F:=8000; 
          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        Q:=Sqrt(Lmat2*Kplus)/Rmat2; 
        if Q>1 then begin 
          Q:=1; 
          Rmat2:=Sqrt(Lmat2*Kplus)/Q; 
        end; 
 
        F:=1/(2*Pi*Sqrt(Lleak/Kcup));            { leak 
restrictions } 
        if F<1 then begin 
          F:=1; 
          Lleak:=Kcup/Sqr(2*Pi*F); 
        end else if F>1000 then begin 
          F:=1000; 
          Lleak:=Kcup/Sqr(2*Pi*F); 
        end; 
        Q:=Sqrt(Lleak*Kcup)/Rleak; 
        if Q>5{0.707} then begin 
          Q:=5; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end 
        else if Q<0.1{0.2} then begin 
          Q:=0.1; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end; 
 
      end; 
 
      if Kskin>Kcush then begin 
        Temp:=Kskin; Kskin:=Kcush; Kcush:=Temp; 
        Temp:=Rskin; Rskin:=Rcush; Rcush:=Temp; 
      end; 
 
 
 
      for K:=1 to 14 do begin 
        case K of 
          1:begin TrimFloat(1/Kcup,St); H[Jj,Nhpd+K]:=1/Kcup 
end; 
          2:begin TrimFloat(Lcup,St);   H[Jj,Nhpd+K]:=Lcup 
end; 
          3:begin 
TrimFloat(1/Kskin,St);H[Jj,Nhpd+K]:=1/Kskin end; 
          4:begin TrimFloat(Rskin,St);  H[Jj,Nhpd+K]:=Rskin 
end; 







          5:begin TrimFloat(1/Kmat,St); H[Jj,Nhpd+K]:=1/Kmat 
end; 
          6:begin TrimFloat(Lmat,St);   H[Jj,Nhpd+K]:=Lmat 
end; 
          7:begin TrimFloat(Rmat,St);   H[Jj,Nhpd+K]:=Rmat 
end; 
          8:begin TrimFloat(Lleak,St);  H[Jj,Nhpd+K]:=Lleak 
end; 
          9:begin TrimFloat(Rleak,St);  H[Jj,Nhpd+K]:=Rleak 
end; 
         10:begin 
TrimFloat(1/Kcush,St);H[Jj,Nhpd+K]:=1/Kcush end; 
         11:begin TrimFloat(Rcush,St);  H[Jj,Nhpd+K]:=Rcush 
end; 
         12:begin 
TrimFloat(1/Kmat2,St);H[Jj,Nhpd+K]:=1/Kmat2 end; 
         13:begin TrimFloat(Lmat2,St);  H[Jj,Nhpd+K]:=Lmat2 
end; 
         14:begin TrimFloat(Rmat2,St);  H[Jj,Nhpd+K]:=Rmat2 
end; 
        end; 
        Write(OutFText,St,#9); 
      end;{K} 
      Str(Jj:0,St2); 
      for J:=0 to SizeS1 do Sig[J]:=ISig[J]; { restore 
original waveform } 
      OLcup:=1/Lcup; 
      Orskincush:=1/(Rskin+Rcush); 
      Kskincush:=Kskin+Kcush; 
 
{      PlotEaPlugModel;} 
      TimeDomainModel4; 
      for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
 
      New(Xr); New(Xi); 
      for J:=1 to Nfft do begin Xr^[J]:=0; Xi^[J]:=0 end; 
      for J:=0 to SizeS1  do begin 
        K:=1 + J div 2; 
        if not odd(J) then 
          Xr^[K]:=Sig[J] 
        else 
          Xi^[K]:=Sig[J]; 
      end; 
      ForwardFft(Nfft,Dt,Xr,Xi); 
      Eawt:=0; 
      ACWeightSetup; 
      for J:=1 to Nfft+1 do begin 
        ACWeight(F1*(J-1),ReA,ImA,ReC,ImC); 
        Temp:=Xr^[J]*ReA-Xi^[J]*ImA; 
        Xi^[J]:=Xr^[J]*ImA+Xi^[J]*ReA; 
        Xr^[J]:=Temp; 







        if (J=1) or (J=Nfft+1) then 
          Eawt:=Eawt+Sqr(Xr^[J])+Sqr(Xi^[J]) 
        else 
          Eawt:=Eawt+2*(Sqr(Xr^[J])+Sqr(Xi^[J])); 
      end; 
      Temp:=Eawt*F1; 
      RhoC:=415; { mks rayls characteristic impedance air @ 
22 deg C and 751 mmHg p 11 Beranek } 
      Eawt3:=Eawt*F1/RhoC; 
      Eawt:= 10*Log10(Temp/28800)+94; 
      Na:=Exp(Ln(2)*(85-Eawt)/3); 
      Str(Eawt:6:2,St); 
      Str(Na:3:3,St1); 
      Write(OutFText,St+#9+St1+#9); 
      Ymx:=-1e6; 
      for J:=0 to SizeS1 do if abs(Sig[J])>Ymx then 
Ymx:=abs(Sig[J]); 
      Lp:=20*Ln(Ymx)/Ln(10)+94; 
      Str(Lp:2:2,Dstr4);                                                  
      Write(OutFText,Dstr4+#9); 
      Dispose(Xr); Dispose(Xi); 
 
      PlotEaPlugModel; 
      MemDelay1:=-50e-3; 
      CalculateHazard2; { reads ModelNo=1 from AHA header } 
      Str(500/MaxHazard:1:1,Dstr); 
      Write(OutFText,HazStr+#9+Dstr+#9); 
      MemDelay1:=MemDelay; 
      CalculateHazard2; 
      Str(500/MaxHazard:1:1,Dstr); 
      WriteLn(OutFText,HazStr+#9+Dstr); 
     { ProgressBar1.StepIt;} 
      Visible:=True; 
      repeat 
        Application.ProcessMessages; 
      until PauseFlag=0; 
 {     PauseFlag:=1; } 
      Inc(Jj); 
    end; { while not Eof(InFText) } 
    Neamod:=Jj-1; 
    OpenDialog1.InitialDir:=AhaahDirectory; 
    OpenDialog1.FileName:='';{OrigFile}; 
    CloseFile(InFText); 
    CloseFile(OutFText); 
    ProgressBar1.Visible:=False; 
  end; {OpenDialog1.Execute} 
  RestoreForm; 
 { Dispose(Ma);} 
end; 
 
procedure TForm1.Earmuff21Click(Sender: TObject); 







var 
  Er,Ei,Ir,Ii : array[1..10] of double; 
  F,W,W2,Ow,Re,Im,Mag,Phase,Alpha,Q : double; 
  Fmax,Ytop,Ybottom,Yinc,Ymx,Lp,V,D,Kgain : single; 
  
Flen,Hn,Wn,I,Nav,Kbegin,Kend,Nbegin,Nend,Nleak,Nleak1,Nleak
2,Npiston,Nmat1,Nmat2: integer; 
  
St0,St2,St3,Path,Dummy,Round,Channel,FName,FName2,FName3,FN
ame4,Suffix,HPDPath: string; 
 
begin 
  New(Ma); 
  StringGrid1.Visible:=False; 
  Edit1.Visible:=False; 
  OpenDialog1.Filter:='Prepared waveforms|*.AHA|All 
Files|*.*'; 
  if OpenDialog1.Execute then begin 
    OrigFile:=OpenDialog1.Filename; 
    RestoreForm; 
    GetDir(0,CurrentDirectory); 
    
FE:=ANSIUpperCase(ExtractFileExt(OpenDialog1.Filename)); 
    
FileName:=ANSIUpperCase(ExtractFileName(OpenDialog1.Filenam
e)); 
    Application.processmessages; 
    FName:=FileName; 
    Flen:=pos('.',FileName); 
    if Flen>0 then SetLength(FName,Flen-1); 
    hn:=Form1.ClientHeight; 
    wn:=Form1.ClientWidth; 
    h1:=Trunc(0.03*hn); 
    w1:=Trunc(0.2*wn); 
    with ProgressBar1 do begin 
      Height:=h1; 
      Top:=hn-Trunc(1.25*h1+0.5*hn); 
      Width:=w1; 
      Left:=0;   {Round((w-w1)/2)} 
      Max:=96; 
      Step:=1; 
      Position:=0; 
      Visible:=False;{True;} 
    end; 
    OpenNewFileType5; 
    Nfft:=Nn div 2; 
    F1:=1/(Nn*Dt); {Fmax:=N*F1; } 
    OpenDialog1.InitialDir:=CurrentDirectory; 
  end; 
  OpenDialog1.InitialDir:=AhaahDirectory+'\Dat\Hearing 
Protectors'; 







  OpenDialog1.filename:=''; 
  OpenDialog1.Filter:='Hearing Protector 
Device(*.txt)|*.txt|All Files|*.*'; 
  if OpenDialog1.Execute then begin 
    RestoreForm; 
    HPDfile:=ExtractFileName(OpenDialog1.Filename); 
    St:=HPDfile; 
    FName4:=St; 
    J:=Pos('.',St); 
    Dec(J); 
    St2:=Copy(St,1,J); 
    HPDFile :=AhaahDirectory+'\Dat\Hearing 
Protectors\'+HPDFile; 
    FileName:=AhaahDirectory+'\Dat\Hearing 
Protectors\'+St2+'_'+FName+'.txt'; 
    FName3  :=AhaahDirectory+'\Dat\Hearing Protectors\Custom 
HPDs\'+St2+'_'; 
    AssignFile(InFText,HPDfile); Reset(InFText); 
    Jjj:=0; 
    Done:=False; 
    repeat 
      ReadLn(InFText,St3); 
      if length(St3)<>0 then 
        Inc(Jjj) 
      else 
        Done:=True; 
    until Eof(InFText) or Done; 
    Neamod:=Jjj-1; 
    Reset(InFText); 
    AssignFile(OutFText,FileName);  Rewrite(OutFText); 
    {Write(OutFText,'Trial'+#9);} 
 
    J:=1;  K:=0; Done:=False; 
    Read(InFText,St0); 
    Jj:=Length(St0); 
    repeat 
      while (ord(St0[J]) in [$09,$20,$2C]) do begin   {TAB, 
Space, Comma} 
        Inc(J); 
        if J>Length(St0) then Done:=True; 
      end; 
      St1:=''; 
      while (ord(St0[J]) in [$30..$39,$2E,$2B,$2D,$65,$45]) 
do begin {digit,period,plus,minus,e,E} 
        St1:=St1+St0[J]; 
        Inc(J); 
        if J>Length(St0) then Done:=True; 
      end; 
      Val(St1,V,Code); 
      if Code<>0 then 
        Done:=True 







      else begin 
        Hpd[K,0]:=V; 
        Str(Hpd[K,0]:3:3,St); 
        Hpd[K,0]:=1e3*Hpd[K,0]; 
        Write(OutFText,St+#9); 
        H[0,K]:=Hpd[K,0]; 
        Inc(K) 
      end; 
    until Done; 
    Nhpd:=K-1; 
    Nleak1:=-1; 
    repeat 
      Inc(Nleak1) 
    until abs(Hpd[Nleak1,0]/125-1)<0.1; 
    Nleak:=-1; repeat Inc(Nleak) until abs(Hpd[Nleak,0]/250-
1)<0.1; 
    Npiston:=-1; repeat Inc(Npiston) until 
abs(Hpd[Npiston,0]/2000-1)<0.1; {2000, 4000} 
    Nmat2:=-1; repeat Inc(Nmat2) until 
abs(Hpd[Nmat2,0]/8000-1)<0.1; 
    Nmat1:=-1; repeat Inc(Nmat1) until 
abs(Hpd[Nmat1,0]/4000-1)<0.1; 
 
    ReadLn(InFText); 
    
Write(OutFText,'SS',#9,'Ccup',#9,'Lcup',#9,'Cskin',#9,'Rski
n',#9,'Cmat',#9); 
    
Write(OutFText,'Lmat',#9,'Rmat',#9,'Lleak',#9,'Rleak',#9,'C
cush',#9); 
    
Write(OutFText,'Rcush',#9,'Cmat2',#9,'Lmat2',#9,'Rmat2',#9)
; 
    
WriteLn(OutFText,'LAeq8hr'+#9+'Na'+#9+'Lp'+#9+'ARU(W)'+#9+'
Nw'+#9+'ARU(U)'+#9+'Nu'); 
    Pi2:=2*Pi; 
    Jj:=2; 
    while Jj<=Neamod+1 do begin 
      Str(Jj-1:0,St); 
      FName2:=FName3+St+'.txt'; 
      AssignFile(OutFText2,FName2); Rewrite(OutFText2); 
      Kbegin:=2;  Kend:=11; 
      {Write(OutFText,Jj-1:3,#9);} 
{      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\StandardSingleOrig.txt');} 
      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\Seed_REAT_Values_Earmuff.txt'); 
     { Lcup:=2;} 
      for J:=0 to Nhpd do begin  { read for real } 
        Read(InFText,Hpd[J,1]); 







        {Hpd[J,1]:=-Hpd[J,1];} 
        Str({-}Hpd[J,1]:1:1,St); 
        Write(OutFText,St+#9); 
        H[Jj,J]:=Hpd[J,1]; 
      end; 
      ReadLn(InFText,Dstr8); 
      TrimLead(Dstr8,chr(9)); 
//      ReadLn(InFText); 
 
{      Fleak1:=0.11; 
      Fleak2:=500; 
} 
      if abs(Hpd[Nleak1,1]-Hpd[Nleak,1])>3 then begin 
        V:=Exp(Ln10*Hpd[Nleak1,1]/20); 
        if V>1 then V:=0.99; 
        V:=Sqrt(1/V-1); 
        Fleak:=1.5*Hpd[Nleak1,0]/V; 
      end; 
 
 
      Nleak2:=0; 
      Nleak2:=-1; repeat Inc(Nleak2) until Hpd[Nleak2,1]<-
10; 
      Dec(Nleak2); 
      if (Nleak2>=0) and (Nleak2<=Nhpd) then begin 
        V:=Exp(Ln10*Hpd[Nleak2,1]/20); 
        V:=Sqrt(1/V-1); 
        Fleak:=1.5*Hpd[Nleak2,0]/V; 
      end; 
 
      D:=(Hpd[Nmat2,1]-Hpd[Nmat1,1])/20; D:=Exp(Ln10*D); 
      if D >= 0.6 then begin 
        Q:=1.33*Sqrt(4*D*D-1); 
        V:=Exp(Ln10*Hpd[Nmat2,1]/20); 
        V:=2*V/Q; { low freq transfer function } 
        W:=Pi2*Hpd[Nmat2,0]; 
        Kmat:=Kcup*(1/V-1); 
        Lmat:=Kcup/(V*W*W); 
        Rmat:=Kcup*2/(Q*V*W); 
      end; 
 
      for Nfit:=1 to 10 do begin 
        case Nfit of 
          1: begin Delta:=Ln(10)/1000; Nn:=10 end; 
          2: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          3: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          4: begin Delta:=Ln(10)/1;    Nn:=10 end; 
          5: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          6: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          7: begin Delta:=Ln(10)/1000; Nn:=10 end; 
          8: begin Delta:=Ln(10)/100;  Nn:=10 end; 







          9: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          10: begin Delta:=Ln(10)/100;   Nn:=10 end; 
        end; {case} 
        for K:=Kbegin to Kend do begin 
          Nbegin:=0; Nend:=Nhpd; 
          case K of 
            1:Temp:=Lcup; 
            2:begin Temp:=Kcup;  Nbegin:=Nleak; 
Nend:=Npiston end; 
            3:begin Temp:=Kskin; Nbegin:=Nleak; 
Nend:=Npiston end; 
            4:begin Temp:=Rskin; Nbegin:=Nleak; 
Nend:=Npiston end; 
            5:begin Temp:=Kcush; Nbegin:=Nleak; 
Nend:=Npiston end; 
            6:begin Temp:=Rcush; Nbegin:=Nleak; 
Nend:=Npiston end; 
            7:begin Temp:=Lleak; Nend:=Nleak end; 
            8:begin Temp:=Rleak; Nend:=Nleak end; 
            9:begin Temp:=Kmat; Nbegin:=Nmat1 {Npiston} end; 
           10:begin Temp:=Lmat; Nbegin:=Nmat1 end; 
           11:begin Temp:=Rmat; Nbegin:=Nmat1 {Nhpd-1} end; 
           12:Temp:=Kmat2; 
           13:Temp:=Lmat2; 
           14:Temp:=Rmat2; 
          end; 
{         Nbegin:=0; Nend:=Nhpd; } 
          for Kk:=-Nn to Nn do begin 
            Factor:=Exp(Kk*Delta); 
            case K of 
              1:Lcup:=Temp*Factor; 
              2:Kcup:=Temp*Factor; 
              3:Kskin:=Temp*factor; 
              4:Rskin:=Temp*Factor; 
              5:Kcush:=Temp*Factor; 
              6:Rcush:=Temp*factor; 
              7:Lleak:=Temp*Factor; 
              8:Rleak:=Temp*Factor; 
              9:Kmat:=Temp*Factor; 
             10:Lmat:=Temp*Factor; 
             11:Rmat:=Temp*Factor; 
             12:Kmat2:=Temp*Factor; 
             13:Lmat2:=Temp*Factor; 
             14:Rmat2:=Temp*Factor; 
            end; 
            Ssum:=0; 
            for J:=Nbegin to Nhpd{Nend} do begin 
              W:=Pi2*Hpd[J,0];  W2:=W*W; Ow:=1/W; 
              Ir[2]:=1;            Ii[2]:=0; 
              ComplexMul(Ir[2],Ii[2],Rskin,-
Ow*Kskin,Er[2],Ei[2]); 







              ComplexDiv(Er[2],Ei[2],Rcush,-
Ow*Kcush,Ir[3],Ii[3]); 
              Ir[1]:=Ir[2]+Ir[3];  Ii[1]:=Ii[2]+Ii[3]; 
              ComplexMul(Ir[1],Ii[1],0,W*Lcup,Er[3],Ei[3]); 
              Er[4]:=Er[2]+Er[3];  Ei[4]:=Ei[2]+Ei[3]; 
              
ComplexDiv(Er[4],Ei[4],Rleak,W*Lleak,Ir[4],Ii[4]); 
              ComplexDiv(Er[4],Ei[4],Rmat,W*Lmat-
Ow*Kmat,Ir[5],Ii[5]); 
              ComplexDiv(Er[4],Ei[4],Rmat2,W*Lmat2-
Ow*Kmat2,Ir[6],Ii[6]); 
              Ir[7]:=Ir[1]+Ir[4]+Ir[5]+Ir[6];  
Ii[7]:=Ii[1]+Ii[4]+Ii[5]+Ii[6]; 
              ComplexMul(Ir[7],Ii[7],0,-
Ow*Kcup,Er[6],Ei[6]); 
              Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
              ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
              Mag:=10*log10(Sqr(Re)+Sqr(Im)); 
              Ssum:=Ssum+Sqr(Hpd[J,1]-Mag); 
            end; 
            if Kk=-Nn then begin 
              Ssum1:=Ssum; Kr:=Kk 
            end else begin 
              if Ssum<Ssum1 then begin Ssum1:=Ssum; Kr:=Kk 
end; 
            end; 
          end;{Kk} 
          Factor:=Exp(Kr*Delta); 
          case K of 
            1:Lcup:=Temp*Factor; 
            2:Kcup:=Temp*Factor; 
            3:Kskin:=Temp*Factor; 
            4:Rskin:=Temp*Factor; 
            5:Kcush:=Temp*Factor; 
            6:Rcush:=Temp*Factor; 
            7:Lleak:=Temp*Factor; 
            8:Rleak:=Temp*Factor; 
            9:Kmat:=Temp*Factor; 
           10:Lmat:=Temp*Factor; 
           11:Rmat:=Temp*Factor; 
           12:Kmat2:=Temp*Factor; 
           13:Lmat2:=Temp*Factor; 
           14:Rmat2:=Temp*Factor; 
          end; 
        end;{K} 
 
 
        Kplus:=Kcup+Kskin; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-20{20,15, 70} then begin 
          Alpha:=-20; 







          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kskin:=Kplus-Kcup; 
        end; 
        if Alpha<-40{-35,30, 45,70} then begin 
          Alpha:=-40; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kskin:=Kplus-Kcup; 
        end; 
        Alpha1:=Alpha; 
        Q:=Sqrt(Lcup*Kplus)/Rskin; 
        if Q>2{0.7,2.5} then begin 
          Q:=2; 
          Rskin:=Sqrt(Lcup*Kplus)/Q; 
        end 
        else if Q<0.1{0.7,2.5} then begin 
          Q:=0.1; 
          Rskin:=Sqrt(Lcup*Kplus)/Q; 
        end; 
        F:=1/(2*Pi*Sqrt(Lcup/Kplus)); 
        if F<300 then begin {250} 
          F:=300; 
          Kplus:=Lcup*Sqr(2*Pi*F) 
        end; 
        if F>2000 then begin        {3000 4000, 6000 } 
          F:=2000; 
          Kplus:=Lcup*Sqr(2*Pi*F) 
        end; 
 
 
        Kplus:=Kcup+Kcush; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-25{25,70} then begin   {15} 
          Alpha:=-25; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end; 
        if Alpha<-55{-50,70} then begin  {30} 
          Alpha:=-55; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end; 
        Alpha2:=Alpha; 
 
        Q:=Sqrt(Lcup*Kplus)/Rcush; 
        if Q>2{0.7,2.5} then begin 
          Q:=2; 
          Rcush:=Sqrt(Lcup*Kplus)/Q; 
        end 
        else if Q<0.1{0.7,2.5} then begin 
          Q:=0.1; 
          Rcush:=Sqrt(Lcup*Kplus)/Q; 







        end; 
        F:=1/(2*Pi*Sqrt(Lcup/Kplus)); 
        if F<300 then begin {250} 
          F:=300; 
          Kplus:=Lcup*Sqr(2*Pi*F) 
        end; 
        if F>2000 then begin {3000} 
          F:=2000; 
          Kplus:=Lcup*Sqr(2*Pi*F) 
        end; 
 
 
        if Kskin>10*Kcush  then Kskin:=10*Kcush; 
        if Kskin<0.1*Kcush then Kskin:=0.1*Kcush; 
        if Rskin>10*Rcush  then Rskin:=10*Rcush; 
        if Rskin<0.1*Rcush then Rskin:=0.1*Rcush; 
        Alpha1:=0.5*(Alpha1+Alpha2); 
 
        if Kcup>1e8 then Kcup:=1e8; 
        if Kcup<1e5 then Kcup:=1e5; 
        if Kcush>1e10 then Kcush:=1e10; 
        if Kcush<1e5 then Kcush:=1e5; 
 
        if Lmat<1e-6 then Lmat:=1e-6; 
 
{        if Lleak<1e-8 then Lleak:=1e-8;} 
 
        Kplus:=Kcup+Kmat; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-30{Alpha1} then begin  {-70} 
          Alpha:=-30{Alpha1}; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat:=Kplus-Kcup; 
        end; 
        if Alpha<-50{Alpha1-40} then begin  {-70} 
          Alpha:=-50{Alpha1-40}; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat:=Kplus-Kcup; 
        end; 
 
(* 
        if Alpha>Alpha1 then Alpha:=Alpha1 
        else if Alpha<Alpha1-30 then Alpha:=Alpha1-30; 
*) 
 
        Kplus:=Kcup+Kmat; 
        F:=1/(2*Pi*Sqrt(Lmat/Kplus)); 
        if F<500 then begin   {2000, 4000} 
          F:=500; 
          Lmat:=Kplus/Sqr(2*Pi*F) 
        end; 







        if F>8000 then begin   {10,000 16,000} 
          F:=8000; 
          Lmat:=Kplus/Sqr(2*Pi*F) 
        end; 
 
        Q:=Sqrt(Lmat*Kplus)/Rmat; 
        if Q>2 {5,2.5} then begin 
          Q:=2 {5,2.5}; 
          Rmat:=Sqrt(Lmat*Kplus)/Q; 
        end 
        else if Q<0.5 {0.5,2.5} then begin 
          Q:=0.5 {0.5,2.5}; 
          Rmat:=Sqrt(Lmat*Kplus)/Q; 
        end; 
 
        Kplus:=Kcup+Kmat2; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-70 then begin 
          Alpha:=-70; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat2:=Kplus-Kcup; 
        end; 
        Kplus:=Kcup+Kmat2; 
        F:=1/(2*Pi*Sqrt(Lmat2/Kplus)); 
        if F>16000 then begin 
          F:=16000; 
          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        if F<8000 then begin 
          F:=8000; 
          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        Q:=Sqrt(Lmat2*Kplus)/Rmat2; 
        if Q>1 then begin 
          Q:=1; 
          Rmat2:=Sqrt(Lmat2*Kplus)/Q; 
        end; 
        if Q<0.5 then begin 
          Q:=0.5; 
          Rmat2:=Sqrt(Lmat2*Kplus)/Q; 
        end; 
 
        F:=1/(2*Pi*Sqrt(Lleak/Kcup));            { leak 
restrictions } 
        if F<Fleak1 then F:=Fleak1; 
        if F>Fleak2 then F:=Fleak2; 
{        if F>Fleak then begin 
          F:=Fleak; 
          Lleak:=Kcup/Sqr(2*Pi*F); 
        end; 
} 







        Lleak:=Kcup/Sqr(2*Pi*F); 
 
        Q:=Sqrt(Lleak*Kcup)/Rleak; 
        if Q>3{0.707} then begin 
          Q:=3; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end 
        else if Q<0.1{0.2} then begin 
          Q:=0.1; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end; 
      end; 
 
      if Kskin>Kcush then begin 
        Temp:=Kskin; Kskin:=Kcush; Kcush:=Temp; 
        Temp:=Rskin; Rskin:=Rcush; Rcush:=Temp; 
      end; 
 
      Ssum1:=Sqrt(Ssum1); 
      TrimFloat(Ssum1,St); Write(OutFText,St,#9); 
      for K:=1 to 14 do begin 
        case K of 
          1:begin TrimFloat(1/Kcup,St); H[Jj,Nhpd+K]:=1/Kcup 
end; 
          2:begin TrimFloat(Lcup,St);   H[Jj,Nhpd+K]:=Lcup 
end; 
          3:begin 
TrimFloat(1/Kskin,St);H[Jj,Nhpd+K]:=1/Kskin end; 
          4:begin TrimFloat(Rskin,St);  H[Jj,Nhpd+K]:=Rskin 
end; 
          5:begin TrimFloat(1/Kmat,St); H[Jj,Nhpd+K]:=1/Kmat 
end; 
          6:begin TrimFloat(Lmat,St);   H[Jj,Nhpd+K]:=Lmat 
end; 
          7:begin TrimFloat(Rmat,St);   H[Jj,Nhpd+K]:=Rmat 
end; 
          8:begin TrimFloat(Lleak,St);  H[Jj,Nhpd+K]:=Lleak 
end; 
          9:begin TrimFloat(Rleak,St);  H[Jj,Nhpd+K]:=Rleak 
end; 
         10:begin 
TrimFloat(1/Kcush,St);H[Jj,Nhpd+K]:=1/Kcush end; 
         11:begin TrimFloat(Rcush,St);  H[Jj,Nhpd+K]:=Rcush 
end; 
         12:begin 
TrimFloat(1/Kmat2,St);H[Jj,Nhpd+K]:=1/Kmat2 end; 
         13:begin TrimFloat(Lmat2,St);  H[Jj,Nhpd+K]:=Lmat2 
end; 
         14:begin TrimFloat(Rmat2,St);  H[Jj,Nhpd+K]:=Rmat2 
end; 
        end; 







        Write(OutFText,St,#9); 
      end;{K} 
      Str(Jj:0,St2); 
      TrimFloat(1/Kcush,St); 
WriteLn(OutFText2,St,#9,'Ccush',#9); 
      TrimFloat(Rcush,St); 
WriteLn(OutFText2,St,#9,'Rcush',#9); 
      TrimFloat(1/Kskin,St); 
WriteLn(OutFText2,St,#9,'Cskin',#9); 
      TrimFloat(Rskin,St); 
WriteLn(OutFText2,St,#9,'Rskin',#9); 
      TrimFloat(Lleak,St); 
WriteLn(OutFText2,St,#9,'Lleak',#9); 
      TrimFloat(Rleak,St); 
WriteLn(OutFText2,St,#9,'Rleak',#9); 
      TrimFloat(Lcup,St); 
WriteLn(OutFText2,St,#9,'Lcup',#9); 
      TrimFloat(1/Kcup,St); 
WriteLn(OutFText2,St,#9,'Ccup',#9); 
      TrimFloat(Rmat,St); 
WriteLn(OutFText2,St,#9,'Rmat',#9); 
      TrimFloat(Lmat,St); 
WriteLn(OutFText2,St,#9,'Lmat',#9); 
      TrimFloat(1/Kmat,St); 
WriteLn(OutFText2,St,#9,'Cmat',#9); 
      TrimFloat(Rmat2,St); 
WriteLn(OutFText2,St,#9,'Rmat2',#9); 
      TrimFloat(Lmat2,St); 
WriteLn(OutFText2,St,#9,'Lmat2',#9); 
      TrimFloat(1/Kmat2,St); 
WriteLn(OutFText2,St,#9,'Cmat2',#9); 
      WriteLn(OutFText2,FName4,#9); 
      Str(Jj-1:0,St2); 
      WriteLn(OutFText2,St2,#9); 
      
WriteLn(OutFText2,'Freq(kHz)',#9,'Mean_Gain(dB)',#9,'StDev_
Gain(dB)',#9); 
      for J:=0 to Nhpd do begin 
        Str(Hpd[J,0]/1000:3:3,St2); Write(OutFText2,St2,#9); 
        Str(Hpd[J,1]:2:2,St2); Write(OutFText2,St2,#9); 
        WriteLn(OutFText2,'0',#9); 
      end; 
      CloseFile(OutFText2); 
      for J:=0 to SizeS1 do Sig[J]:=ISig[J]; { restore 
original waveform } 
      OLcup:=1/Lcup; 
      Orskincush:=1/(Rskin+Rcush); 
      Kskincush:=Kskin+Kcush; 
 
{      PlotEaPlugModel;} 
      TimeDomainModel4; 







      for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
 
      New(Xr); New(Xi); 
      for J:=1 to Nfft do begin Xr^[J]:=0; Xi^[J]:=0 end; 
      for J:=0 to SizeS1  do begin 
        K:=1 + J div 2; 
        if not odd(J) then 
          Xr^[K]:=Sig[J] 
        else 
          Xi^[K]:=Sig[J]; 
      end; 
      ForwardFft(Nfft,Dt,Xr,Xi); 
      Eawt:=0; 
      ACWeightSetup; 
      for J:=1 to Nfft+1 do begin 
        ACWeight(F1*(J-1),ReA,ImA,ReC,ImC); 
        Temp:=Xr^[J]*ReA-Xi^[J]*ImA; 
        Xi^[J]:=Xr^[J]*ImA+Xi^[J]*ReA; 
        Xr^[J]:=Temp; 
        if (J=1) or (J=Nfft+1) then 
          Eawt:=Eawt+Sqr(Xr^[J])+Sqr(Xi^[J]) 
        else 
          Eawt:=Eawt+2*(Sqr(Xr^[J])+Sqr(Xi^[J])); 
      end; 
      Temp:=Eawt*F1; 
      RhoC:=415; { mks rayls characteristic impedance air @ 
22 deg C and 751 mmHg p 11 Beranek } 
      Eawt3:=Eawt*F1/RhoC; 
      Eawt:= 10*Log10(Temp/28800)+94; 
      Na:=Exp(Ln(2)*(85-Eawt)/3); 
      Str(Eawt:6:2,St); 
      Str(Na:3:3,St1); 
      Write(OutFText,St+#9+St1+#9); 
      Ymx:=-1e6; 
      for J:=0 to SizeS1 do if abs(Sig[J])>Ymx then 
Ymx:=abs(Sig[J]); 
      Lp:=20*Ln(Ymx)/Ln(10)+94; 
      Str(Lp:2:2,Dstr4); 
      Write(OutFText,Dstr4+#9); 
      Dispose(Xr); Dispose(Xi); 
 
      PlotEaMuffModel; 
      MemDelay1:=-50e-3; 
      CalculateHazard2; { reads ModelNo=1 from AHA header } 
      Str(500/MaxHazard:1:1,Dstr); 
      Write(OutFText,HazStr+#9+Dstr+#9); 
      MemDelay1:=MemDelay; 
      CalculateHazard2; 
      Str(500/MaxHazard:1:1,Dstr); 
      WriteLn(OutFText,HazStr+#9+Dstr); 
     { ProgressBar1.StepIt;} 







 
      MainMenu1.Items[0].Items[5].Enabled:=True; { Save AHA 
AS} 
 
      Visible:=True; 
      PauseFlag:=1; 
      repeat 
        Application.ProcessMessages; 
      until PauseFlag=0; 
      Inc(Jj); 
    end; { while not Eof(InFText) } 
    Neamod:=Jj-1; 
    OpenDialog1.InitialDir:=AhaahDirectory; 
    OpenDialog1.FileName:='';{OrigFile}; 
    CloseFile(InFText); 
    CloseFile(OutFText); 
    ProgressBar1.Visible:=False; 
  end; {OpenDialog1.Execute} 
  RestoreForm; 
  {Dispose(Ma);} 
end; 
 
procedure TForm1.Plug21Click(Sender: TObject); 
var 
  Er,Ei,Ir,Ii : array[1..10] of double; 
  F,W,W2,Ow,Re,Im,Mag,Phase,Alpha,Q : double; 
  Fmax,Ytop,Ybottom,Yinc,Ymx,Lp,V,D,Kgain : single; 
  
Flen,Hn,Wn,I,Nav,Kbegin,Kend,Nbegin,Nend,Nleak,Nleak1,Nleak
2,Npiston,Nmat1,Nmat2: integer; 
  
St0,St2,St3,Path,Dummy,Round,Channel,FName,FName2,FName3,FN
ame4,Suffix,HPDPath: string; 
 
begin 
  {New(Ma);} 
  StringGrid1.Visible:=False; 
  Edit1.Visible:=False; 
  OpenDialog1.Filter:='Prepared waveforms|*.AHA|All 
Files|*.*'; 
  Timer1.enabled:=True; 
  if OpenDialog1.Execute then begin 
    OrigFile:=OpenDialog1.Filename; 
    RestoreForm; 
    GetDir(0,CurrentDirectory); 
    
FE:=ANSIUpperCase(ExtractFileExt(OpenDialog1.Filename)); 
    
FileName:=ANSIUpperCase(ExtractFileName(OpenDialog1.Filenam
e)); 
    Application.processmessages; 







    FName:=FileName; 
    Flen:=pos('.',FileName); 
    if Flen>0 then SetLength(FName,Flen-1); 
    hn:=Form1.ClientHeight; 
    wn:=Form1.ClientWidth; 
    h1:=Trunc(0.03*hn); 
    w1:=Trunc(0.2*wn); 
    with ProgressBar1 do begin 
      Height:=h1; 
      Top:=hn-Trunc(1.25*h1+0.5*hn); 
      Width:=w1; 
      Left:=0;   {Round((w-w1)/2)} 
      Max:=96; 
      Step:=1; 
      Position:=0; 
      Visible:=False;{True;} 
    end; 
    OpenNewFileType5; 
    Nfft:=Nn div 2; 
    F1:=1/(Nn*Dt); {Fmax:=N*F1; } 
    OpenDialog1.InitialDir:=CurrentDirectory; 
  end; 
  RestoreForm; 
  Application.ProcessMessages; 
  OpenDialog1.InitialDir:=AhaahDirectory+'\Dat\Hearing 
Protectors'; 
  OpenDialog1.filename:=''; 
  OpenDialog1.Filter:='Hearing Protector 
Device(*.txt)|*.txt|All Files|*.*'; 
  Timer1.enabled:=True; 
  if OpenDialog1.Execute then begin 
   { RestoreForm;} 
    HPDfile:=ExtractFileName(OpenDialog1.Filename); 
    St:=HPDfile; 
    FName4:=St; 
    J:=Pos('.',St); 
    Dec(J); 
    St2:=Copy(St,1,J); 
    HPDFile :=AhaahDirectory+'\Dat\Hearing 
Protectors\'+HPDFile; 
    FileName:=AhaahDirectory+'\Dat\Hearing 
Protectors\'+St2+'_'+FName+'.txt'; 
    FName3  :=AhaahDirectory+'\Dat\Hearing Protectors\Custom 
HPDs\'+St2+'_'; 
    AssignFile(InFText,HPDfile); Reset(InFText); 
    Jjj:=0; 
    Done:=False; 
    repeat 
      ReadLn(InFText,St3); 
      if length(St3)<>0 then 
        Inc(Jjj) 
      else 







        Done:=True; 
    until Eof(InFText) or Done; 
    Neamod:=Jjj-1; 
    Reset(InFText); 
    AssignFile(OutFText,FileName);  Rewrite(OutFText); 
    {Write(OutFText,'Trial'+#9);} 
 
    J:=1;  K:=0; Done:=False; 
    Read(InFText,St0); 
    repeat 
      while (ord(St0[J]) in [$09,$20,$2C]) do begin   {TAB, 
Space, Comma} 
        Inc(J); 
        if J>Length(St0) then Done:=True; 
      end; 
      St1:=''; 
      while (ord(St0[J]) in [$30..$39,$2E,$2B,$2D,$65,$45]) 
do begin {digit,period,plus,minus,e,E} 
        St1:=St1+St0[J]; 
        Inc(J); 
        if J>Length(St0) then Done:=True; 
      end; 
      Val(St1,V,Code); 
      if Code<>0 then 
        Done:=True 
      else begin 
        Hpd[K,0]:=V; 
        Str(Hpd[K,0]:3:3,St); 
        Hpd[K,0]:=1e3*Hpd[K,0]; 
        Write(OutFText,St+#9); 
        H[0,K]:=Hpd[K,0]; 
        Inc(K) 
      end; 
    until Done; 
    Nhpd:=K-1; 
    Nleak1:=-1; repeat 
      Inc(Nleak1) 
    until abs(Hpd[Nleak1,0]/125-1)<0.1; 
    Nleak:=-1; repeat Inc(Nleak) until abs(Hpd[Nleak,0]/250-
1)<0.1; 
    Npiston:=-1; repeat Inc(Npiston) until 
abs(Hpd[Npiston,0]/4000-1)<0.1; {2000, 4000} 
    Nmat2:=-1; repeat Inc(Nmat2) until 
abs(Hpd[Nmat2,0]/8000-1)<0.1; 
    Nmat1:=-1; repeat Inc(Nmat1) until 
abs(Hpd[Nmat1,0]/4000-1)<0.1; 
 
    ReadLn(InFText); 
    
Write(OutFText,'SS',#9,'Ccup',#9,'Lcup',#9,'Cskin',#9,'Rski
n',#9,'Cmat',#9); 







    
Write(OutFText,'Lmat',#9,'Rmat',#9,'Lleak',#9,'Rleak',#9,'C
cush',#9); 
    
Write(OutFText,'Rcush',#9,'Cmat2',#9,'Lmat2',#9,'Rmat2',#9)
; 
    
WriteLn(OutFText,'LAeq8hr'+#9+'Na'+#9+'Lp'+#9+'ARU(W)'+#9+'
Nw'+#9+'ARU(U)'+#9+'Nu'); 
    Pi2:=2*Pi; 
    Jj:=2; 
    while Jj<=Neamod+1 do begin 
      Str(Jj-1:0,St); 
      FName2:=FName3+St+'.txt'; 
      AssignFile(OutFText2,FName2); Rewrite(OutFText2); 
      Kbegin:=2;  Kend:=11; 
      {Write(OutFText,Jj-1:3,#9);} 
{      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\StandardSingleOrig.txt');} 
      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\Seed_REAT_Values_Earplug.txt'); 
      Lcup:=2; 
      for J:=0 to Nhpd do begin  { read for real } 
        Read(InFText,Hpd[J,1]); 
       { Hpd[J,1]:=-Hpd[J,1];} 
        Str({-}Hpd[J,1]:1:1,St); 
        Write(OutFText,St+#9); 
        H[Jj,J]:=Hpd[J,1]; 
      end; 
      ReadLn(InFText,Dstr8); 
      TrimLead(Dstr8,chr(9)); 
//      ReadLn(InFText); 
 
      Fleak:=10; 
      if abs(Hpd[Nleak1,1]-Hpd[Nleak,1])>3 then begin 
        V:=Exp(Ln10*Hpd[Nleak1,1]/20); 
        if V>=1 then V:=0.99; 
        V:=Sqrt(1/V-1); 
        Fleak:=1.5*Hpd[Nleak1,0]/V; 
      end; 
      Nleak2:=0; 
      Nleak2:=-1; repeat Inc(Nleak2) until (Nleak2>Nhpd) or 
(Hpd[Nleak2,1]<-10); 
      Dec(Nleak2); 
      if (Nleak2>=0) and (Nleak2<=Nhpd) then begin 
        V:=Hpd[Nleak2,1]; 
        V:=Exp(Ln10*V/20); 
        if V>=1 then V:=0.99; 
        V:=Sqrt(1/V-1); 
        Fleak:=1.5*Hpd[Nleak2,0]/V; 
      end; 







      D:=(Hpd[Nmat2,1]-Hpd[Nmat1,1])/20; D:=Exp(Ln10*D); 
      if D >= 0.6 then begin 
        Q:=1.33*Sqrt(4*D*D-1); 
        V:=Exp(Ln10*Hpd[Nmat2,1]/20); 
        V:=2*V/Q; { low freq transfer function } 
        W:=Pi2*Hpd[Nmat2,0]; 
        if V>=1 then V:=0.99; 
        Kmat:=Kcup*(1/V-1); 
        Lmat:=Kcup/(V*W*W); 
        Rmat:=Kcup*2/(Q*V*W); 
      end; 
 
      for Nfit:=1 to 10 do begin 
        case Nfit of 
          1: begin Delta:=Ln(10)/1000; Nn:=10 end; 
          2: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          3: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          4: begin Delta:=Ln(10)/1;    Nn:=10 end; 
          5: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          6: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          7: begin Delta:=Ln(10)/1000; Nn:=10 end; 
          8: begin Delta:=Ln(10)/100;  Nn:=10 end; 
          9: begin Delta:=Ln(10)/10;   Nn:=10 end; 
          10: begin Delta:=Ln(10)/100;   Nn:=10 end; 
        end; {case} 
        for K:=Kbegin to Kend do begin 
          Nbegin:=0; Nend:=Nhpd; 
          case K of 
            1:Temp:=Lcup; 
            2:begin Temp:=Kcup;  Nend:=Npiston end; 
            3:begin Temp:=Kskin; Nend:=Npiston end; 
            4:begin Temp:=Rskin; Nend:=Npiston end; 
            5:begin Temp:=Kcush; Nend:=Npiston end; 
            6:begin Temp:=Rcush; Nend:=Npiston end; 
            7:begin Temp:=Lleak; {Nend:=Nleak} end; 
            8:begin Temp:=Rleak; {Nend:=Nleak} end; 
            9:begin Temp:=Kmat; Nbegin:=Npiston end; 
           10:begin Temp:=Lmat; Nbegin:=Npiston end; 
           11:begin Temp:=Rmat; Nbegin:=Npiston {Nhpd-1} 
end; 
           12:Temp:=Kmat2; 
           13:Temp:=Lmat2; 
           14:Temp:=Rmat2; 
          end; 
          for Kk:=-Nn to Nn do begin 
            Factor:=Exp(Kk*Delta); 
            case K of 
              1:Lcup:=Temp*Factor; 
              2:Kcup:=Temp*Factor; 
              3:Kskin:=Temp*factor; 
              4:Rskin:=Temp*Factor; 







              5:Kcush:=Temp*Factor; 
              6:Rcush:=Temp*factor; 
              7:Lleak:=Temp*Factor; 
              8:Rleak:=Temp*Factor; 
              9:Kmat:=Temp*Factor; 
             10:Lmat:=Temp*Factor; 
             11:Rmat:=Temp*Factor; 
             12:Kmat2:=Temp*Factor; 
             13:Lmat2:=Temp*Factor; 
             14:Rmat2:=Temp*Factor; 
            end; 
            Ssum:=0; 
            for J:=Nbegin to Nhpd {Nend} do begin 
              W:=Pi2*Hpd[J,0];  W2:=W*W; Ow:=1/W; 
              Ir[2]:=1;            Ii[2]:=0; 
              ComplexMul(Ir[2],Ii[2],Rskin,-
Ow*Kskin,Er[2],Ei[2]); 
              ComplexDiv(Er[2],Ei[2],Rcush,-
Ow*Kcush,Ir[3],Ii[3]); 
              Ir[1]:=Ir[2]+Ir[3];  Ii[1]:=Ii[2]+Ii[3]; 
              ComplexMul(Ir[1],Ii[1],0,W*Lcup,Er[3],Ei[3]); 
              Er[4]:=Er[2]+Er[3];  Ei[4]:=Ei[2]+Ei[3]; 
              
ComplexDiv(Er[4],Ei[4],Rleak,W*Lleak,Ir[4],Ii[4]); 
              ComplexDiv(Er[4],Ei[4],Rmat,W*Lmat-
Ow*Kmat,Ir[5],Ii[5]); 
              ComplexDiv(Er[4],Ei[4],Rmat2,W*Lmat2-
Ow*Kmat2,Ir[6],Ii[6]); 
              Ir[7]:=Ir[1]+Ir[4]+Ir[5]+Ir[6];  
Ii[7]:=Ii[1]+Ii[4]+Ii[5]+Ii[6]; 
              ComplexMul(Ir[7],Ii[7],0,-
Ow*Kcup,Er[6],Ei[6]); 
              Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
              ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
              Mag:=10*log10(Sqr(Re)+Sqr(Im)); 
              Ssum:=Ssum+Sqr(Hpd[J,1]-Mag); 
            end; 
            if Kk=-Nn then begin 
              Ssum1:=Ssum; Kr:=Kk 
            end else begin 
              if Ssum<Ssum1 then begin Ssum1:=Ssum; Kr:=Kk 
end; 
            end; 
          end;{Kk} 
          Factor:=Exp(Kr*Delta); 
          case K of 
            1:Lcup:=Temp*Factor; 
            2:Kcup:=Temp*Factor; 
            3:Kskin:=Temp*Factor; 
            4:Rskin:=Temp*Factor; 
            5:Kcush:=Temp*Factor; 
            6:Rcush:=Temp*Factor; 







            7:Lleak:=Temp*Factor; 
            8:Rleak:=Temp*Factor; 
            9:Kmat:=Temp*Factor; 
           10:Lmat:=Temp*Factor; 
           11:Rmat:=Temp*Factor; 
           12:Kmat2:=Temp*Factor; 
           13:Lmat2:=Temp*Factor; 
           14:Rmat2:=Temp*Factor; 
          end; 
        end;{K} 
 
 
        Kplus:=Kcup+Kskin; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-20{15, 70} then begin 
          Alpha:=-20; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kskin:=Kplus-Kcup; 
        end; 
        if Alpha<-65{55,45,70} then begin 
          Alpha:=-65; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kskin:=Kplus-Kcup; 
        end; 
        Alpha1:=Alpha; 
        Q:=Sqrt(Lcup*Kplus)/Rskin; 
        if Q>2{0.7,2.5} then begin 
          Q:=2; 
          Rskin:=Sqrt(Lcup*Kplus)/Q; 
        end 
        else if Q<0.1{0.7,2.5} then begin 
          Q:=0.5; 
          Rskin:=Sqrt(Lcup*Kplus)/Q; 
        end; 
        F:=1/(2*Pi*Sqrt(Lcup/Kplus)); 
        if F<500 then begin 
          F:=500; 
          Kplus:=Lcup*Sqr(2*Pi*F) 
        end; 
        if F>2000 then begin        {4000, 6000 } 
          F:=2000; 
          Kplus:=Lcup*Sqr(2*Pi*F) 
        end; 
 
//        Kplus:=Kcup+Kcush; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-20{70} then begin 
          Alpha:=-20; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end; 







        if Alpha<-65{55,-50,70} then begin 
          Alpha:=-65; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kcush:=Kplus-Kcup; 
        end; 
        Alpha2:=Alpha; 
 
        Q:=Sqrt(Lcup*Kplus)/Rcush; 
        if Q>2{0.7,2.5} then begin 
          Q:=2; 
          Rcush:=Sqrt(Lcup*Kplus)/Q; 
        end 
        else if Q<0.1{0.7,2.5} then begin 
          Q:=0.5; 
          Rcush:=Sqrt(Lcup*Kplus)/Q; 
        end; 
        F:=1/(2*Pi*Sqrt(Lcup/Kplus)); 
        if F<500 then begin 
          F:=500; 
          Kplus:=Lcup*Sqr(2*Pi*F) 
        end; 
        if F>2000 then begin 
          F:=2000; 
          Kplus:=Lcup*Sqr(2*Pi*F) 
        end; 
 
 
        if Kcup>1e8 then Kcup:=1e8; 
        if Kcush>1e10 then Kcush:=1e10; 
        if Lmat<1e-6 then Lmat:=1e-6; 
 
        if Kskin>3*Kcush  then Kskin:=3*Kcush; 
        if Kskin<0.33*Kcush then Kskin:=0.33*Kcush; 
        if Rskin>3*Rcush  then Rskin:=3*Rcush; 
        if Rskin<0.33*Rcush then Rskin:=0.33*Rcush; 
        Alpha1:=0.5*(Alpha1+Alpha2); 
        Alpha1:=Hpd[Nmat1,1]; 
 
        Kplus:=Kcup+Kmat; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>Alpha1 then begin  {-70} 
          Alpha:=Alpha1; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat:=Kplus-Kcup; 
        end; 
 
(*      if Alpha>Alpha1 then Alpha:=Alpha1 
        else if Alpha<Alpha1-30 then Alpha:=Alpha1-30; 
*) 
 
        Kplus:=Kcup+Kmat; 







        F:=1/(2*Pi*Sqrt(Lmat/Kplus)); 
        if F<4000 then begin   {2000, 4000} 
          F:=4000; 
          Lmat:=Kplus/Sqr(2*Pi*F) 
        end; 
        if F>8000 then begin   {10,000 16,000} 
          F:=8000; 
          Lmat:=Kplus/Sqr(2*Pi*F) 
        end; 
 
        Q:=Sqrt(Lmat*Kplus)/Rmat; 
        if Q>10 {5,2.5} then begin 
          Q:=10 {5,2.5}; 
          Rmat:=Sqrt(Lmat*Kplus)/Q; 
        end 
        else if Q<0.5 {5,2.5} then begin 
          Q:=0.5 {5,2.5}; 
          Rmat:=Sqrt(Lmat*Kplus)/Q; 
        end; 
 
        Kplus:=Kcup+Kmat2; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-70 then begin 
          Alpha:=-70; 
          Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
          Kmat2:=Kplus-Kcup; 
        end; 
        Kplus:=Kcup+Kmat2; 
        F:=1/(2*Pi*Sqrt(Lmat2/Kplus)); 
        if F>16000 then begin 
          F:=16000; 
          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        if F<8000 then begin 
          F:=8000; 
          Lmat2:=Kplus/Sqr(2*Pi*F) 
        end; 
        Q:=Sqrt(Lmat2*Kplus)/Rmat2; 
        if Q>1 then begin 
          Q:=1; 
          Rmat2:=Sqrt(Lmat2*Kplus)/Q; 
        end; 
        if Q<0.5 then begin 
          Q:=0.5; 
          Rmat2:=Sqrt(Lmat2*Kplus)/Q; 
        end; 
 
        F:=1/(2*Pi*Sqrt(Lleak/Kcup));            { leak 
restrictions } 
        if F<Fleak then begin 
          F:=Fleak; 







          Lleak:=Kcup/Sqr(2*Pi*F); 
        end 
        else if F>Fleak then begin 
          F:=Fleak; 
          Lleak:=Kcup/Sqr(2*Pi*F); 
        end; 
        Q:=Sqrt(Lleak*Kcup)/Rleak; 
        if Q>1{0.707} then begin 
          Q:=1; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end 
        else if Q<0.1{0.2} then begin 
          Q:=0.1; 
          Rleak:=Sqrt(Lleak*Kcup)/Q; 
        end; 
      end; 
 
      if Kskin>Kcush then begin 
        Temp:=Kskin; Kskin:=Kcush; Kcush:=Temp; 
        Temp:=Rskin; Rskin:=Rcush; Rcush:=Temp; 
      end; 
      Ssum1:=Sqrt(Ssum1); 
      TrimFloat(Ssum1,St); Write(OutFText,St,#9); 
      for K:=1 to 14 do begin 
        case K of 
          1:begin TrimFloat(1/Kcup,St); H[Jj,Nhpd+K]:=1/Kcup 
end; 
          2:begin TrimFloat(Lcup,St);   H[Jj,Nhpd+K]:=Lcup 
end; 
          3:begin 
TrimFloat(1/Kskin,St);H[Jj,Nhpd+K]:=1/Kskin end; 
          4:begin TrimFloat(Rskin,St);  H[Jj,Nhpd+K]:=Rskin 
end; 
          5:begin TrimFloat(1/Kmat,St); H[Jj,Nhpd+K]:=1/Kmat 
end; 
          6:begin TrimFloat(Lmat,St);   H[Jj,Nhpd+K]:=Lmat 
end; 
          7:begin TrimFloat(Rmat,St);   H[Jj,Nhpd+K]:=Rmat 
end; 
          8:begin TrimFloat(Lleak,St);  H[Jj,Nhpd+K]:=Lleak 
end; 
          9:begin TrimFloat(Rleak,St);  H[Jj,Nhpd+K]:=Rleak 
end; 
         10:begin 
TrimFloat(1/Kcush,St);H[Jj,Nhpd+K]:=1/Kcush end; 
         11:begin TrimFloat(Rcush,St);  H[Jj,Nhpd+K]:=Rcush 
end; 
         12:begin 
TrimFloat(1/Kmat2,St);H[Jj,Nhpd+K]:=1/Kmat2 end; 
         13:begin TrimFloat(Lmat2,St);  H[Jj,Nhpd+K]:=Lmat2 
end; 







         14:begin TrimFloat(Rmat2,St);  H[Jj,Nhpd+K]:=Rmat2 
end; 
        end; 
        Write(OutFText,St,#9); 
      end;{K} 
    {  Str(Jj:0,St2);} 
      TrimFloat(1/Kcush,St); 
WriteLn(OutFText2,St,#9,'Ccush',#9); 
      TrimFloat(Rcush,St); 
WriteLn(OutFText2,St,#9,'Rcush',#9); 
      TrimFloat(1/Kskin,St); 
WriteLn(OutFText2,St,#9,'Cskin',#9); 
      TrimFloat(Rskin,St); 
WriteLn(OutFText2,St,#9,'Rskin',#9); 
      TrimFloat(Lleak,St); 
WriteLn(OutFText2,St,#9,'Lleak',#9); 
      TrimFloat(Rleak,St); 
WriteLn(OutFText2,St,#9,'Rleak',#9); 
      TrimFloat(Lcup,St); 
WriteLn(OutFText2,St,#9,'Lcup',#9); 
      TrimFloat(1/Kcup,St); 
WriteLn(OutFText2,St,#9,'Ccup',#9); 
      TrimFloat(Rmat,St); 
WriteLn(OutFText2,St,#9,'Rmat',#9); 
      TrimFloat(Lmat,St); 
WriteLn(OutFText2,St,#9,'Lmat',#9); 
      TrimFloat(1/Kmat,St); 
WriteLn(OutFText2,St,#9,'Cmat',#9); 
      TrimFloat(Rmat2,St); 
WriteLn(OutFText2,St,#9,'Rmat2',#9); 
      TrimFloat(Lmat2,St); 
WriteLn(OutFText2,St,#9,'Lmat2',#9); 
      TrimFloat(1/Kmat2,St); 
WriteLn(OutFText2,St,#9,'Cmat2',#9); 
      WriteLn(OutFText2,FName4,#9); 
      Str(Jj-1:0,St2); 
      WriteLn(OutFText2,St2,#9); 
      
WriteLn(OutFText2,'Freq(kHz)',#9,'Mean_Gain(dB)',#9,'StDev_
Gain(dB)',#9); 
      for J:=0 to Nhpd do begin 
        Str(Hpd[J,0]/1000:3:3,St2); Write(OutFText2,St2,#9); 
        Str(Hpd[J,1]:2:2,St2); Write(OutFText2,St2,#9); 
        WriteLn(OutFText2,'0',#9); 
      end; 
      CloseFile(OutFText2); 
      for J:=0 to SizeS1 do Sig[J]:=ISig[J]; { restore 
original waveform } 
      OLcup:=1/Lcup; 
      Orskincush:=1/(Rskin+Rcush); 
      Kskincush:=Kskin+Kcush; 







 
{      PlotEaPlugModel;} 
      TimeDomainModel4; 
      for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
 
      New(Xr); New(Xi); 
      for J:=1 to Nfft do begin Xr^[J]:=0; Xi^[J]:=0 end; 
      for J:=0 to SizeS1  do begin 
        K:=1 + J div 2; 
        if not odd(J) then 
          Xr^[K]:=Sig[J] 
        else 
          Xi^[K]:=Sig[J]; 
      end; 
      ForwardFft(Nfft,Dt,Xr,Xi); 
      Eawt:=0; 
      ACWeightSetup; 
      for J:=1 to Nfft+1 do begin 
        ACWeight(F1*(J-1),ReA,ImA,ReC,ImC); 
        Temp:=Xr^[J]*ReA-Xi^[J]*ImA; 
        Xi^[J]:=Xr^[J]*ImA+Xi^[J]*ReA; 
        Xr^[J]:=Temp; 
        if (J=1) or (J=Nfft+1) then 
          Eawt:=Eawt+Sqr(Xr^[J])+Sqr(Xi^[J]) 
        else 
          Eawt:=Eawt+2*(Sqr(Xr^[J])+Sqr(Xi^[J])); 
      end; 
      Temp:=Eawt*F1; 
      RhoC:=415; { mks rayls characteristic impedance air @ 
22 deg C and 751 mmHg p 11 Beranek } 
      Eawt3:=Eawt*F1/RhoC; 
      Eawt:= 10*Log10(Temp/28800)+94; 
      Na:=Exp(Ln(2)*(85-Eawt)/3); 
      Str(Eawt:6:2,St); 
      Str(Na:3:3,St1); 
      Write(OutFText,St+#9+St1+#9); 
      Ymx:=-1e6; 
      for J:=0 to SizeS1 do if abs(Sig[J])>Ymx then 
Ymx:=abs(Sig[J]); 
      Lp:=20*Ln(Ymx)/Ln(10)+94; 
      Str(Lp:2:2,Dstr4); 
      Write(OutFText,Dstr4+#9); 
      Dispose(Xr); Dispose(Xi); 
 
      PlotEaPlugModel; 
      MemDelay1:=-50e-3; 
      CalculateHazard2; { reads ModelNo=1 from AHA header } 
      Str(500/MaxHazard:1:1,Dstr); 
      Write(OutFText,HazStr+#9+Dstr+#9); 
      MemDelay1:=MemDelay; 
      CalculateHazard2; 







      Str(500/MaxHazard:1:1,Dstr); 
      WriteLn(OutFText,HazStr+#9+Dstr); 
     { ProgressBar1.StepIt;} 
 
      MainMenu1.Items[0].Items[5].Enabled:=True; { Save AHA 
AS} 
 
      Visible:=True; 
      PauseFlag:=1; {1} 
      repeat 
        Application.ProcessMessages; 
      until PauseFlag=0; 
      Inc(Jj); 
    end; { while not Eof(InFText) } 
    Neamod:=Jj-1; 
    OpenDialog1.InitialDir:=AhaahDirectory; 
    OpenDialog1.FileName:='';{OrigFile}; 
    CloseFile(InFText); 
    CloseFile(OutFText); 
    ProgressBar1.Visible:=False; 
  end; {OpenDialog1.Execute} 
  RestoreForm; 
 { Dispose(Ma);} 
end; 
 
procedure TForm1.NRorIL1Click(Sender: TObject); 
var 
  CopyBitMap : TBitmap; 
  DestRect,SrcRect : TRect; 
  Attributes,Done : integer; 
begin 
  CopyBitMap:=TBitmap.Create; 
  CopyBitMap.Width:=Form1.ClientWidth; 
  CopyBitMap.Height:=Form1.ClientHeight div 2; 
  DestRect:=Rect(0,0,CopyBitMap.Width,CopyBitMap.Height); 
  {Copy the portion of the main form surrounded by the 
bounding rectangle to the bitmap } 
  SrcRect:=Rect(0,Form1.ClientHeight div 2, 
                Form1.ClientWidth,Form1.ClientHeight); 
  
CopyBitMap.Canvas.CopyRect(DestRect,Form1.Canvas,SrcRect); 
  PlotNew:=False; 
  if MovieOpen then CancelMovieClick(Sender); 
  Memo3.Visible:=False; 
  OpenDialog1.Filter:='Prepared waveforms|*.AHA|All 
Files|*.*'; 
  if OpenDialog1.Execute then begin 
    DialogOpened:=True; 
    PopupMenu1.AutoPopUp:=False;  { don't allow popup until 
new wave loaded  } 







    
FE:=ANSIUpperCase(ExtractFileExt(OpenDialog1.Filename)); 
    FileName:=ExtractFileName(OpenDialog1.Filename); 
 
    Attributes:=FileGetAttr(FileName); 
    Attributes:=Attributes and not (faReadOnly or faHidden); 
    Done:=FileSetAttr(FileName,Attributes); 
    Application.processmessages; 
 
{    
StringGrid1.Options:=[goFixedVertLine,goFixedHorzLine,goVer
tLine,GoHorzLine, 
                          
goEditing,goAlwaysShowEditor,goRangeSelect,goTabs]; } 
    StringGrid1.Visible:=True; 
    OpenNewFileType6; { Type 3, new Tb,Te,Dt plotted on old 
Tb1,Te1 } 
    if (Tb<=Tb1) and (Tb1<=Te) then begin 
      Tb:=Tb1; 
      if Te1<=Te then Te:=Te1; 
    end 
    else 
      Te:=Tb; 
    Jb:=Round(Tb/Dt); Je:=Round(Te/Dt); 
    for J:=Jb to Je do Sig[J-Jb]:=Sig[J]; 
    SizeS1:=Je-Jb; 
    MainMenu1.Items[1].Enabled:=True; 
    MainMenu1.Items[0].Items[4].Enabled:=False; { Save AHA } 
    MainMenu1.Items[0].Items[5].Enabled:=False; { Save AHA 
AS} 
    OpenDialog1.InitialDir:=''; 
  end; 
  if DialogOpened then begin 
    DialogOpened:=False; 
    
Form1.Canvas.CopyRect(SrcRect,CopyBitMap.Canvas,DestRect); 
    PressureTimePlot; 
  end; 
  CopyBitMap.Free; 
end; 
 
 
procedure TForm1.FormDestroy(Sender: TObject); 
begin 
  Dispose(Ma) 
end; 
 
procedure TForm1.ListBox1DblClick(Sender: TObject); 
begin 
  Form1.Panel2.Visible:=False; 
  Ready:=True; 







end; 
 
procedure TForm1.ListBox1Click(Sender: TObject); 
var 
  i:integer; 
begin 
  Jj:=0; 
  for i:=0 to (ListBox1.Items.Count-1) do begin 
    if ListBox1.Selected[i] then begin 
      Jj:=i; 
      Dstr:=ListBox1.Items[i] 
    end 
  end 
end; 
 
 
procedure LowPassFilter; 
var 
  A,B,C,D,E : array[0..4] of double; 
  Work: array[0..4,0..4] of double; 
  
FL,Fs,FLN,FH,FHN,T,W1,W2,W,W02,LW02,Num,Den,Tmp,Tmp2,Atmp,S
cale,TmpD,TmpC : double; 
  P,Q,R,S,U,V,X,Y,Z,U1,Aa1,Aa2,Aa3,Aa4,A1,A2,A3,A4,Gain : 
double; 
  Mm,M,I,J,L,LL,LS,Kk,K1 : integer; 
begin 
  Fs:=SampleRate; 
  FL:=LowPassFreq; 
//  FL:=13500; T:=1/Fs; FLN:=FL*T;  W1:=Tan(Pi*FLN); 
  T:=1/Fs; FLN:=FL*T;  W1:=Tan(Pi*FLN); 
  L:=12; Kk:=L div 2; 
(* 
  Fs:=10000; 
  FL:=1000; T:=1/Fs; FLN:=FL*T;  W1:=Tan(Pi*FLN); 
  L:=6; Kk:=L div 2; 
*) 
  Gain:=1; 
  for K:=1 to Kk do begin 
    D[0]:=1; 
    C[0]:=1; 
    for I:=1 to 2 do begin 
      D[I]:=0; 
      C[I]:=0; 
    end; 
    Tmp:=K-(L+1)/2; 
    if Tmp=0 then 
      C[1]:=1 
    else begin 
      C[1]:=-2*Cos((2*K+L-1)*Pi/(2*L)); 
      C[2]:=1; 







    end; 
    M:=2; 
    Ll:=M; 
    for MM:=0 to M do begin 
      Den:=Exp(MM*Ln(W1)); 
      D[MM]:=D[MM]/Den; 
      C[MM]:=C[MM]/Den; 
    end; 
  //-SUBSTITUTE (Z-1)/(Z+1) 
    for J:=0 to Ll do begin 
      Work[0,J]:=1; 
    end; 
    Tmp:=1; 
    for I:=1 to Ll do begin 
      Tmp:=Tmp*(Ll-I+1)/I; 
      Work[I,0]:=Tmp; 
    end; 
    for I:=1 to Ll do begin 
      for J:=1 to Ll do begin 
        Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
      end; 
    end; 
    for I:=Ll downto 0 do begin 
      B[I]:=0; 
      Atmp:=0; 
      for J:=0 to Ll do begin 
        B[I]:=B[I]+Work[I,J]*D[J]; 
        Atmp:=Atmp+Work[I,J]*C[J]; 
      end; 
      Scale:=Atmp; 
      if I<>0 then A[I]:=Atmp; 
    end; 
    if Scale=0 then Halt; 
    B[0]:=B[0]/Scale; 
    for I:=1 to Ll do begin 
      B[I]:=B[I]/Scale; 
      A[I]:=A[I]/Scale; 
    end; 
    A[0]:=1; { always true; } 
    K1:=2*(K-1); 
    Aa[K1]:=A[1]; 
    Aa[K1+1]:=A[2]; 
    Gain:=Gain*B[0]; 
  end; 
  Dt:=1/SampleRate; 
  SizeS1Temp:=SizeS1; 
  asm 
    pushad;  {push 32 bit registers on 80386 and later } 
    fld qword ptr [Aa + 1*8];  {A2                 } 
    fld qword ptr [Aa + 0*8];  {A1  A2             } 
    fld1;                      {1   A1  A2         } 
    fld1;                      {1    1  A1   A2    } 







    fadd st(1),st;             {1    2  A1   A2    } 
    fldz;                      {0   B1  B2   A1   A2    } 
    fldz; 
    fldz; 
    fldz;                      {0    0   0   0  B1  B2  A1  
A2} 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp]; 
    xor edi,edi;              {Y1   X1  Y2  X2  B1  B2  A1  
A2} 
  @label1:fxch st(3);         {X2   X1  Y2  Y1  B1  B2  A1  
A2} 
    fmul st,st(5);            {X2B2 X1  Y2  Y1  B1  B2  A1  
A2} 
    fxch st(2);               {Y2   X1 X2B2 Y1  B1  B2  A1  
A2} 
    fmul st,st(7);            {Y2A2 X1 X2B2 Y1  B1  B2  A1  
A2} 
    fsubp st(2),st;           {X1 X2B2-Y2A2 Y1  B1  B2  A1  
A2} 
    fld st;                   {X1   X1 X2B2-Y2A2 Y1  B1  B2  
A1  A2} 
    fmul st,st(4);            {X1B1 X1 X2B2-Y2A2 Y1  B1  B2  
A1  A2} 
    faddp st(2),st            {X1 X2B2-Y2A2+X1B1 Y1  B1  B2  
A1  A2} 
    fxch st(2);               {Y1 X2B2-Y2A2+X1B1 X1  B1  B2  
A1  A2} 
    fld st;                   {Y1   Y1 X2B2-Y2A2+X1B1 X1  B1  
B2  A1  A2} 
    fmul st,st(6);            {Y1A1 Y1 X2B2-Y2A2+X1B1      X1  
B1  B2  A1  A2} 
    fsubp st(2),st;           {Y1 X2B2-Y2A2+X1B1-Y1A1 X1  B1  
B2  A1  A2} 
    fxch st(1);               {Yy   Y1  X1  B1  B2  A1  A2    
} 
    fld dword ptr [eax+edi];  {Xo   Yy  Y1  X1  B1  B2  A1  
A2} 
    fadd st(1),st             {Xo Xo+Yy Y1  X1  B1  B2  A1  
A2} 
    fxch st(1)                {Yo   Xo  Y1  X1  B1  B2  A1  
A2} 
    {Update index}            {Y1   X1  Y2  X2  B1  B2  A1  
A2} 
    fst dword ptr [ebx+edi]; { save Sig1[J]:=Yo} 
    add edi,$4; 
    loop @label1 
    finit; { initialize coprocessor empty stack } 
    { 2nd section } 
    fld qword ptr [Aa + 3*8];  {A2                 } 
    fld qword ptr [Aa + 2*8];  {A1  A2             } 







    fld1;                      {1   A1  A2         } 
    fld1;                      {1    1  A1   A2    } 
    fadd st(1),st;             {1    2  A1   A2    } 
    fldz;                      {0   B1  B2   A1   A2    } 
    fldz; 
    fldz; 
    fldz;                      {0    0   0   0  B1  B2  A1  
A2} 
    mov eax,[Sig1]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp]; 
    xor edi,edi;              {Y1   X1  Y2  X2  B1  B2  A1  
A2} 
  @label2:fxch st(3);         {X2   X1  Y2  Y1  B1  B2  A1  
A2} 
    fmul st,st(5);            {X2B2 X1  Y2  Y1  B1  B2  A1  
A2} 
    fxch st(2);               {Y2   X1 X2B2 Y1  B1  B2  A1  
A2} 
    fmul st,st(7);            {Y2A2 X1 X2B2 Y1  B1  B2  A1  
A2} 
    fsubp st(2),st;           {X1 X2B2-Y2A2 Y1  B1  B2  A1  
A2} 
    fld st;                   {X1   X1 X2B2-Y2A2 Y1  B1  B2  
A1  A2} 
    fmul st,st(4);            {X1B1 X1 X2B2-Y2A2 Y1  B1  B2  
A1  A2} 
    faddp st(2),st            {X1 X2B2-Y2A2+X1B1 Y1  B1  B2  
A1  A2} 
    fxch st(2);               {Y1 X2B2-Y2A2+X1B1 X1  B1  B2  
A1  A2} 
    fld st;                   {Y1   Y1 X2B2-Y2A2+X1B1 X1  B1  
B2  A1  A2} 
    fmul st,st(6);            {Y1A1 Y1 X2B2-Y2A2+X1B1      X1  
B1  B2  A1  A2} 
    fsubp st(2),st;           {Y1 X2B2-Y2A2+X1B1-Y1A1 X1  B1  
B2  A1  A2} 
    fxch st(1);               {Yy   Y1  X1  B1  B2  A1  A2    
} 
    fld dword ptr [eax+edi];  {Xo   Yy  Y1  X1  B1  B2  A1  
A2} 
    fadd st(1),st             {Xo Xo+Yy Y1  X1  B1  B2  A1  
A2} 
    fxch st(1)                {Yo   Xo  Y1  X1  B1  B2  A1  
A2} 
    {Update index}            {Y1   X1  Y2  X2  B1  B2  A1  
A2} 
    fst dword ptr [ebx+edi]; { save Sig1[J]:=Yo} 
    add edi,$4; 
    loop @label2 
    finit; { initialize coprocessor empty stack } 
    { 3rd section } 







    fld qword ptr [Aa + 5*8];  {A2                 } 
    fld qword ptr [Aa + 4*8];  {A1  A2             } 
    fld1;                      {1   A1  A2         } 
    fld1;                      {1    1  A1   A2    } 
    fadd st(1),st;             {1    2  A1   A2    } 
    fldz;                      {0   B1  B2   A1   A2    } 
    fldz; 
    fldz; 
    fldz;                      {0    0   0   0  B1  B2  A1  
A2} 
    mov eax,[Sig1]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp]; 
    xor edi,edi;              {Y1   X1  Y2  X2  B1  B2  A1  
A2} 
  @label3:fxch st(3);         {X2   X1  Y2  Y1  B1  B2  A1  
A2} 
    fmul st,st(5);            {X2B2 X1  Y2  Y1  B1  B2  A1  
A2} 
    fxch st(2);               {Y2   X1 X2B2 Y1  B1  B2  A1  
A2} 
    fmul st,st(7);            {Y2A2 X1 X2B2 Y1  B1  B2  A1  
A2} 
    fsubp st(2),st;           {X1 X2B2-Y2A2 Y1  B1  B2  A1  
A2} 
    fld st;                   {X1   X1 X2B2-Y2A2 Y1  B1  B2  
A1  A2} 
    fmul st,st(4);            {X1B1 X1 X2B2-Y2A2 Y1  B1  B2  
A1  A2} 
    faddp st(2),st            {X1 X2B2-Y2A2+X1B1 Y1  B1  B2  
A1  A2} 
    fxch st(2);               {Y1 X2B2-Y2A2+X1B1 X1  B1  B2  
A1  A2} 
    fld st;                   {Y1   Y1 X2B2-Y2A2+X1B1 X1  B1  
B2  A1  A2} 
    fmul st,st(6);            {Y1A1 Y1 X2B2-Y2A2+X1B1      X1  
B1  B2  A1  A2} 
    fsubp st(2),st;           {Y1 X2B2-Y2A2+X1B1-Y1A1 X1  B1  
B2  A1  A2} 
    fxch st(1);               {Yy   Y1  X1  B1  B2  A1  A2    
} 
    fld dword ptr [eax+edi];  {Xo   Yy  Y1  X1  B1  B2  A1  
A2} 
    fadd st(1),st             {Xo Xo+Yy Y1  X1  B1  B2  A1  
A2} 
    fxch st(1)                {Yo   Xo  Y1  X1  B1  B2  A1  
A2} 
    {Update index}            {Y1   X1  Y2  X2  B1  B2  A1  
A2} 
    fst dword ptr [ebx+edi]; { save Sig1[J]:=Yo} 
    add edi,$4; 
    loop @label3 







    finit; { initialize coprocessor empty stack } 
    { 4th section } 
    fld qword ptr [Aa + 7*8];  {A2                 } 
    fld qword ptr [Aa + 6*8];  {A1  A2             } 
    fld1;                      {1   A1  A2         } 
    fld1;                      {1    1  A1   A2    } 
    fadd st(1),st;             {1    2  A1   A2    } 
    fldz;                      {0   B1  B2   A1   A2    } 
    fldz; 
    fldz; 
    fldz;                      {0    0   0   0  B1  B2  A1  
A2} 
    mov eax,[Sig1]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp]; 
    xor edi,edi;              {Y1   X1  Y2  X2  B1  B2  A1  
A2} 
  @label4:fxch st(3);         {X2   X1  Y2  Y1  B1  B2  A1  
A2} 
    fmul st,st(5);            {X2B2 X1  Y2  Y1  B1  B2  A1  
A2} 
    fxch st(2);               {Y2   X1 X2B2 Y1  B1  B2  A1  
A2} 
    fmul st,st(7);            {Y2A2 X1 X2B2 Y1  B1  B2  A1  
A2} 
    fsubp st(2),st;           {X1 X2B2-Y2A2 Y1  B1  B2  A1  
A2} 
    fld st;                   {X1   X1 X2B2-Y2A2 Y1  B1  B2  
A1  A2} 
    fmul st,st(4);            {X1B1 X1 X2B2-Y2A2 Y1  B1  B2  
A1  A2} 
    faddp st(2),st            {X1 X2B2-Y2A2+X1B1 Y1  B1  B2  
A1  A2} 
    fxch st(2);               {Y1 X2B2-Y2A2+X1B1 X1  B1  B2  
A1  A2} 
    fld st;                   {Y1   Y1 X2B2-Y2A2+X1B1 X1  B1  
B2  A1  A2} 
    fmul st,st(6);            {Y1A1 Y1 X2B2-Y2A2+X1B1      X1  
B1  B2  A1  A2} 
    fsubp st(2),st;           {Y1 X2B2-Y2A2+X1B1-Y1A1 X1  B1  
B2  A1  A2} 
    fxch st(1);               {Yy   Y1  X1  B1  B2  A1  A2    
} 
    fld dword ptr [eax+edi];  {Xo   Yy  Y1  X1  B1  B2  A1  
A2} 
    fadd st(1),st             {Xo Xo+Yy Y1  X1  B1  B2  A1  
A2} 
    fxch st(1)                {Yo   Xo  Y1  X1  B1  B2  A1  
A2} 
    {Update index}            {Y1   X1  Y2  X2  B1  B2  A1  
A2} 
    fst dword ptr [ebx+edi]; { save Sig1[J]:=Yo} 







    add edi,$4; 
    loop @label4 
    finit; { initialize coprocessor empty stack } 
    { 5th section } 
    fld qword ptr [Aa + 9*8];  {A2                 } 
    fld qword ptr [Aa + 8*8];  {A1  A2             } 
    fld1;                      {1   A1  A2         } 
    fld1;                      {1    1  A1   A2    } 
    fadd st(1),st;             {1    2  A1   A2    } 
    fldz;                      {0   B1  B2   A1   A2    } 
    fldz; 
    fldz; 
    fldz;                      {0    0   0   0  B1  B2  A1  
A2} 
    mov eax,[Sig1]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp]; 
    xor edi,edi;              {Y1   X1  Y2  X2  B1  B2  A1  
A2} 
  @label5:fxch st(3);         {X2   X1  Y2  Y1  B1  B2  A1  
A2} 
    fmul st,st(5);            {X2B2 X1  Y2  Y1  B1  B2  A1  
A2} 
    fxch st(2);               {Y2   X1 X2B2 Y1  B1  B2  A1  
A2} 
    fmul st,st(7);            {Y2A2 X1 X2B2 Y1  B1  B2  A1  
A2} 
    fsubp st(2),st;           {X1 X2B2-Y2A2 Y1  B1  B2  A1  
A2} 
    fld st;                   {X1   X1 X2B2-Y2A2 Y1  B1  B2  
A1  A2} 
    fmul st,st(4);            {X1B1 X1 X2B2-Y2A2 Y1  B1  B2  
A1  A2} 
    faddp st(2),st            {X1 X2B2-Y2A2+X1B1 Y1  B1  B2  
A1  A2} 
    fxch st(2);               {Y1 X2B2-Y2A2+X1B1 X1  B1  B2  
A1  A2} 
    fld st;                   {Y1   Y1 X2B2-Y2A2+X1B1 X1  B1  
B2  A1  A2} 
    fmul st,st(6);            {Y1A1 Y1 X2B2-Y2A2+X1B1      X1  
B1  B2  A1  A2} 
    fsubp st(2),st;           {Y1 X2B2-Y2A2+X1B1-Y1A1 X1  B1  
B2  A1  A2} 
    fxch st(1);               {Yy   Y1  X1  B1  B2  A1  A2    
} 
    fld dword ptr [eax+edi];  {Xo   Yy  Y1  X1  B1  B2  A1  
A2} 
    fadd st(1),st             {Xo Xo+Yy Y1  X1  B1  B2  A1  
A2} 
    fxch st(1)                {Yo   Xo  Y1  X1  B1  B2  A1  
A2} 







    {Update index}            {Y1   X1  Y2  X2  B1  B2  A1  
A2} 
    fst dword ptr [ebx+edi]; { save Sig1[J]:=Yo} 
    add edi,$4; 
    loop @label5 
    finit; { initialize coprocessor empty stack } 
    { 6th section } 
    fld qword ptr [Aa + 11*8]; {A2                 } 
    fld qword ptr [Aa + 10*8]; {A1  A2             } 
    fld1;                      {1   A1  A2         } 
    fld1;                      {1    1  A1   A2    } 
    fadd st(1),st;             {1    2  A1   A2    } 
    fldz;                      {0   B1  B2   A1   A2    } 
    fldz; 
    fldz; 
    fldz;                      {0    0   0   0  B1  B2  A1  
A2} 
    mov eax,[Sig1]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp]; 
    xor edi,edi;              {Y1   X1  Y2  X2  B1  B2  A1  
A2} 
  @label6:fxch st(3);         {X2   X1  Y2  Y1  B1  B2  A1  
A2} 
    fmul st,st(5);            {X2B2 X1  Y2  Y1  B1  B2  A1  
A2} 
    fxch st(2);               {Y2   X1 X2B2 Y1  B1  B2  A1  
A2} 
    fmul st,st(7);            {Y2A2 X1 X2B2 Y1  B1  B2  A1  
A2} 
    fsubp st(2),st;           {X1 X2B2-Y2A2 Y1  B1  B2  A1  
A2} 
    fld st;                   {X1   X1 X2B2-Y2A2 Y1  B1  B2  
A1  A2} 
    fmul st,st(4);            {X1B1 X1 X2B2-Y2A2 Y1  B1  B2  
A1  A2} 
    faddp st(2),st            {X1 X2B2-Y2A2+X1B1 Y1  B1  B2  
A1  A2} 
    fxch st(2);               {Y1 X2B2-Y2A2+X1B1 X1  B1  B2  
A1  A2} 
    fld st;                   {Y1   Y1 X2B2-Y2A2+X1B1 X1  B1  
B2  A1  A2} 
    fmul st,st(6);            {Y1A1 Y1 X2B2-Y2A2+X1B1      X1  
B1  B2  A1  A2} 
    fsubp st(2),st;           {Y1 X2B2-Y2A2+X1B1-Y1A1 X1  B1  
B2  A1  A2} 
    fxch st(1);               {Yy   Y1  X1  B1  B2  A1  A2    
} 
    fld dword ptr [eax+edi];  {Xo   Yy  Y1  X1  B1  B2  A1  
A2} 
    fadd st(1),st             {Xo Xo+Yy Y1  X1  B1  B2  A1  
A2} 







    fxch st(1)                {Yo   Xo  Y1  X1  B1  B2  A1  
A2} 
//  Update index              {Y1   X1  Y2  X2  B1  B2  A1  
A2} 
    fst dword ptr [ebx+edi]; { save Sig[J]:=Yo} 
    add edi,$4; 
    loop @label6 
    finit; { initialize coprocessor empty stack } 
    popad; 
  end; 
  for J:=0 to SizeS1-6 do Sig[J]:=Gain*Sig1[J+6]; { remove 12 
sample time delay } 
  for J:=SizeS1-5 to SizeS1 do Sig[J]:=0; 
(* 
  J1:=0; 
  for J:=0 to SizeS1 do      { remove every other sample } 
    if odd(J) then begin 
      Sig[J1]:=Sig[J]; 
      Inc(J1) 
    end; 
  SizeS1:=((SizeS1+1) div 2)-1; { update count } 
  SampleRate:=SampleRate/2; 
  Dt:=1/SampleRate; 
  FLowPassFreq:=FLowPassFreq/2; 
*) 
end; 
 
procedure BandPassFilter; 
var 
  A,B,C,D,E : array[0..4] of double; 
  Work: array[0..4,0..4] of double; 
  
FL,Fs,FLN,FH,FHN,T,W1,W2,W,W02,LW02,Num,Den,Tmp,Tmp2,Atmp,S
cale,TmpD,TmpC : double; 
  
P,Q,R,S,U,V,X,Y,Z,U1,Aa1,Aa2,Aa3,Aa4,A1,A2,A3,A4,Aa,Bb,Cc,G
ain : double; 
  Mm,M,I,J,K,L,LL,LS : integer; 
begin 
  Fs:=SampleRate; 
  FL:=Fc*Exp(-Ln(2)/6); T:=1/Fs; FLN:=FL*T; { Fs:=100,000 } 
  FH:=Fc*Exp(Ln(2)/6); FHN:=FH*T; 
//  FL:=Fc*Exp(-Ln(2)*3.1666); T:=1/Fs; FLN:=FL*T; { 
Fs:=100,000 } {3db down at 0.125 and 8kHz} 
//  FH:=Fc*Exp(Ln(2)*3.1666); FHN:=FH*T; 
  W1:=Tan(Pi*FLN); 
  W2:=Tan(Pi*FHN); 
  W:=W2-W1; 
  W02:=W1*W2; 
  LW02:=Ln(W02); 
 







 { Odd, Single Pole Section } 
  I:=1; 
  D[1]:=0; D[0]:=1; 
  C[1]:=1; C[0]:=1; 
  M:=I; 
//-SUBSTITUTION of (S^2+W02)/(W*S) BANDPASS, BANDSTOP 
 
  L:=2*M; 
  for I:=0 to L do for J:=0 to L do Work[I,J]:=0; 
  for LL:=0 to L do begin 
    Work[LL,0]:=0; 
    Work[LL,1]:=0; 
  end; 
  for MM:=0 to M do begin 
    Num:=Exp((M-MM)*Ln(W)); 
    TmpD:=D[MM]*Num; 
    TmpC:=C[MM]*Num; 
    for K:=0 to MM do begin 
      Tmp2:=Exp(K*LW02); 
      LS:=M+MM-2*K; 
      Tmp:=1; 
      for I:=MM downto 2 do Tmp:=Tmp*I; 
      for I:=K downto 2 do Tmp:=Tmp/I; 
      for I:=(MM-K) downto 2 do Tmp:=Tmp/I; 
      Work[LS,0]:=WORK[LS,0]+TmpD*Tmp2*Tmp; 
      Work[LS,1]:=WORK[LS,1]+TmpC*Tmp2*Tmp; 
    end; 
  end; 
  for LL:=0 to L do begin 
    D[LL]:=Work[LL,0]; 
    C[LL]:=Work[LL,1]; 
  end; 
//-SUBSTITUTE (Z-1)/(Z+1) 
  for J:=0 to L do begin 
    Work[0,J]:=1; 
  end; 
  Tmp:=1; 
//  L:=3; 
  for I:=1 to L do begin 
    Tmp:=Tmp*(L-I+1)/I; 
    Work[I,0]:=Tmp; 
  end; 
  for I:=1 to L do begin 
    for J:=1 to L do begin 
      Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
    end; 
  end; 
  for I:=L downto 0 do begin 
    B[I]:=0; 
    Atmp:=0; 
    for J:=0 to L do begin 







      B[I]:=B[I]+Work[I,J]*D[J]; 
      Atmp:=Atmp+Work[I,J]*C[J]; 
    end; 
    Scale:=Atmp; 
    if I<>0 then A[I]:=Atmp; 
  end; 
  if Scale=0 then Halt; 
  B[0]:=B[0]/Scale; 
  for I:=1 to L do begin 
    B[I]:=B[I]/Scale; 
    A[I]:=A[I]/Scale; 
  end; 
  A[0]:=1; { always true; } 
  Ab[0]:=A[1]; 
  Ab[1]:=A[2]; 
  Ab[2]:=0; 
  Ab[3]:=-1; 
 
  Gain:=B[0]; 
  {Quartic Section} 
  I:=2; 
  D[2]:=0;  D[1]:=0; D[0]:=1; 
  C[2]:=1;  C[1]:=1; C[0]:=1; 
  M:=I; 
//-SUBSTITUTION of (S^2+W02)/(W*S) BANDPASS, BANDSTOP 
 
  L:=2*M; 
  for I:=0 to L do for J:=0 to L do Work[I,J]:=0; 
  for LL:=0 to L do begin 
    Work[LL,0]:=0; 
    Work[LL,1]:=0; 
  end; 
  for MM:=0 to M do begin 
    Num:=Exp((M-MM)*Ln(W)); 
    TmpD:=D[MM]*Num; 
    TmpC:=C[MM]*Num; 
    for K:=0 to MM do begin 
      Tmp2:=Exp(K*LW02); 
      LS:=M+MM-2*K; 
      Tmp:=1; 
      for I:=MM downto 2 do Tmp:=Tmp*I; 
      for I:=K downto 2 do Tmp:=Tmp/I; 
      for I:=(MM-K) downto 2 do Tmp:=Tmp/I; 
      Work[LS,0]:=WORK[LS,0]+TmpD*Tmp2*Tmp; 
      Work[LS,1]:=WORK[LS,1]+TmpC*Tmp2*Tmp; 
    end; 
  end; 
  for LL:=0 to L do begin 
    D[LL]:=Work[LL,0]; 
    C[LL]:=Work[LL,1]; 
  end; 







//-SUBSTITUTE (Z-1)/(Z+1) 
  for J:=0 to L do begin 
    Work[0,J]:=1; 
  end; 
  Tmp:=1; 
//  L:=3; 
  for I:=1 to L do begin 
    Tmp:=Tmp*(L-I+1)/I; 
    Work[I,0]:=Tmp; 
  end; 
  for I:=1 to L do begin 
    for J:=1 to L do begin 
      Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
    end; 
  end; 
  for I:=L downto 0 do begin 
    B[I]:=0; 
    Atmp:=0; 
    for J:=0 to L do begin 
      B[I]:=B[I]+Work[I,J]*D[J]; 
      Atmp:=Atmp+Work[I,J]*C[J]; 
    end; 
    Scale:=Atmp; 
    if I<>0 then A[I]:=Atmp; 
  end; 
  if Scale=0 then Halt; 
  B[0]:=B[0]/Scale; 
  for I:=1 to L do begin 
    B[I]:=B[I]/Scale; 
    A[I]:=A[I]/Scale; 
  end; 
  A[0]:=1; { always true; } 
  Gain:=Gain*B[0]; 
  Ab[4]:=A[1]; 
  Ab[5]:=A[2]; 
  Ab[6]:=A[3]; 
  Ab[7]:=A[4]; 
  Ab[8]:=Gain; 
 
  RC2:=0.5*10e-3; 
  Dt:=1/SampleRate; 
  Alpha:=Dt/(RC2+Dt); 
  SizeS1Temp:=SizeS1; 
  asm 
    pushad;  {push 32 bit registers on 80386 and later } 
    fld qword ptr [Ab + 1*8];  {A2} 
    fld qword ptr [Ab + 0*8];  {A1} 
    fld qword ptr [Ab + 3*8];  {B2} 
    fld qword ptr [Ab + 2*8];  {B1} 
    fldz; 
    fldz; 







    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp]; 
    xor edi,edi; 
  @label1:fxch st(3); 
    fmul st,st(5); 
    fxch st(2); 
    fmul st,st(7); 
    fsubp st(2),st; 
    fld st; 
    fmul st,st(4); 
    faddp st(2),st 
    fxch st(2); 
    fld st; 
    fmul st,st(6); 
    fsubp st(2),st; 
    fxch st(1); 
    fld dword ptr [eax+edi]; { load x0:=Sig[J] } 
    fadd st(1),st 
    fxch st(1) 
    fst dword ptr [ebx+edi]; { save y0:=Sig1[J]} 
    add edi,$4; 
    loop @label1 
    finit; { initialize coprocessor empty stack } 
    fld qword ptr [Ab + 4*8];  {A1} 
    fld qword ptr [Ab + 5*8];  {A2} 
    fld qword ptr [Ab + 6*8];  {A3} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig1]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];              { 0    1   2   3   4   
5   6   7 } 
    xor edi,edi;                       { Y4  Y3  Y2  Y1  A3  
A2  A1    } 
  @label2:fld qword ptr [Ab + 7*8];    { A4  Y4  Y3  Y2  Y1  
A3  A2  A1 } 
    fmulp st(1),st;                    {A4Y4 Y3  Y2  Y1  A3  
A2  A1     } 
    fld dword ptr [eax+edi];           { X0 A4Y4 Y3  Y2  Y1  
A3  A2  A1 } 
    fsubrp st(1),st;  {Y0:=X0-A4Y4}    {Y0   Y3  Y2  Y1  A3  
A2  A1     } 
    fxch st(3);                        {Y1   Y3  Y2  Y0  A3  
A2  A1     } 
    fld st;                            {Y1   Y1  Y3  Y2  Y0  
A3  A2  A1 } 







    fmul st,st(7);                     {A1Y1 Y1  Y3  Y2  Y0  
A3  A2  A1 } 
    fsubp st(4),st;  {Y0=Y0-A1Y1}      {Y1   Y3  Y2  Y0  A3  
A2  A1     } 
    fxch st(2);                        {Y2   Y3  Y1  Y0  A3  
A2  A1     } 
    fld st;                            {Y2   Y2  Y3  Y1  Y0  
A3  A2  A1 } 
    fmul st,st(6);                     {A2Y2 Y2  Y3  Y1  Y0  
A3  A2  A1 } 
    fsubp st(4),st;   {Y0:=Y0-A2Y2}    {Y2   Y3  Y1  Y0  A3  
A2  A1     } 
    fxch st(1);                        {Y3   Y2  Y1  Y0  A3  
A2  A1     } 
    fld st;                            {Y3   Y3  Y2  Y1  Y0  
A3  A2  A1 } 
    fmul st,st(5);                     {A3Y3 Y3  Y2  Y1  Y0  
A3  A2  A1 } 
    fsubp st(4),st;   {Y0:=Y0-A3Y3}    {Y3   Y2  Y1  Y0  A3  
A2  A1     } 
    fxch st(3);                        {Y0   Y2  Y1  Y3  A3  
A2  A1     } 
    fst dword ptr [ebx+edi]; { save y0} 
    fxch st(3);{shift sample time index Y4   Y3  Y2  Y1  A3  
A2  A1     } 
    add edi,$4; 
    loop @label2 
    finit; { initialize coprocessor empty stack } 
    fld dword ptr [Alpha];             {Alp                              
} 
    fldz;                              {  0 Alp                          
} 
    fld qword ptr [Ab + 8*8];          {  G   0 Alp                      
} 
    fldz;                              {  0   G   0 Alp                  
} 
    fldz;                              {  0   0   G   0 Alp              
} 
    fldz;                              {  0   0   0   G   0 
Alp          } 
    fldz;                              {  0   0   0   0   G   
0 Alp      } 
    mov eax,[Sig1]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];              {  0   1   2   3   4   
5   6   7 } 
    xor edi,edi;                       { X4  X3  X2  X1   G   
E Alp     } 
  @label3:fxch st(3);                  { X1  X3  X2  X4   G   
E Alp     } 
    fxch st(2);                        { X2  X3  X1  X4   G   
E Alp     } 







    fsub st(3),st;                     { X2  X3  X1 X4-X2 G   
E Alp     } 
    fsub st(3),st;                     { X2  X3  X1 X4-2X2 G  
E Alp     } 
    fxch st(1);                        { X3  X2  X1 X4-2X2 G  
E Alp     } 
    fld dword ptr [eax+edi];           { X0  X3  X2  X1 X4-
2X2 G  E Alp } 
    fadd st(4),st;                     { X0  X3  X2  X1  Y0   
G   E Alp } 
    fxch st(4);                        { Y0  X3  X2  X1  X0   
G   E Alp } 
    fmul st,st(5)                      { Y0  X3  X2  X1  X0   
G   E Alp } 
    fstp dword ptr [ebx+edi];          { X3  X2  X1  X0   G   
E  Alp     } 
(* 
    fmul st,st;                        { Y2  X3  X2  X1  X0   
G   E Alp } 
    fsub st,st(6);                     {Y2-E X3  X2  X1  X0   
G   E Alp } 
    fmul st,st(7);                     {A(Y2-E) X3 X2 X1 X0   
G   E Alp } 
    faddp st(6),st;                    {X3 X2 X1 X0  G  
E=E+A(Y2-E) Alp } 
    fxch st(5);                        { E   X2  X1  X0   G   
X3  Alp   } 
    fst dword ptr [ebx+edi];           { E   X2  X1  X0   G   
X3  Alp     } 
    fxch st(5);                        { X3  X2  X1  X0   G   
E   Alp   } 
*) 
  //update index                       { X4  X3  X2  X1   G   
E   Alp   } 
    add edi,$4; 
    loop @label3; 
    finit; { initialize coprocessor empty stack } 
    popad; 
  end; 
(* 
  for J1:=0 to 1190 do begin 
    J:=Round(J1*(SizeS1-10)/1190); 
    Ts[J1,Jj]:=10*Log10(Sig1[J]); 
  end; 
  PlotNew:=False; 
  for J:=0 to SizeS1 do begin 
    J1:=J-10; 
    if J1>=0 then Sig[J1]:=Sqrt(Sig1[J]); 
  end; 
//  PressureTimePlot; 
  J1:=J; 
*) 







 
end; 
 
procedure AWeightFilter; 
var 
  A,B,C,D,E : array[0..2] of double; 
  Work: array[0..2,0..2] of double; 
  
Fs,W1,W2,W3,W4,Fo,F1,F2,F3,F4,Ka,Kc,W,W02,LW02,Num,Den,Tmp,
Tmp2,Atmp, 
    
Scale,TmpD,TmpC,P,Q,R,S,U,V,X,Y,Z,U1,Aa1,Aa2,Aa3,Aa4,A1,A2,
A3,A4,Aa,Bb,Cc, 
    Gain,Re,Im,Re1,Im1,Re2,Im2,Xr,Xi,X1r,X1i,X2r,X2i,Mag,Ph 
: double; 
  Mm,M,I,J,L,LL,LS : integer; 
begin 
  F1:=20.598997; {-1.5dB, 1/2 C-wt filter  } 
  F2:=12194.217; {-1.5dB   ''              } 
  F3:=107.65265;  { A-wt addition, 2 connected RC low-pass at 
10^2.45 Hz} 
  F4:=737.86223; 
  Ka:=1.258875486; 
  Kc:=1.007152169; 
//  SampleRate:=44100; 
//  SampleRate:=125000; 
  Fs:=SampleRate; 
  W1:=Tan(Pi*F1/Fs); 
  W2:=Tan(Pi*F2/Fs); 
  W:=W2-W1; 
  W02:=W1*W2; 
  LW02:=Ln(W02); 
 
   { Odd, Single Pole Low-pass Section } 
  I:=1; 
  D[1]:=0; D[0]:=1; 
  C[1]:=1; C[0]:=1; 
  M:=I; 
//-SUBSTITUTION of (S^2+W02)/(W*S) BANDPASS, BANDSTOP 
 
  L:=2*M; 
  for I:=0 to L do for J:=0 to L do Work[I,J]:=0; 
  for LL:=0 to L do begin 
    Work[LL,0]:=0; 
    Work[LL,1]:=0; 
  end; 
  for MM:=0 to M do begin 
    Num:=Exp((M-MM)*Ln(W)); 
    TmpD:=D[MM]*Num; 
    TmpC:=C[MM]*Num; 
    for K:=0 to MM do begin 







      Tmp2:=Exp(K*LW02); 
      LS:=M+MM-2*K; 
      Tmp:=1; 
      for I:=MM downto 2 do Tmp:=Tmp*I; 
      for I:=K downto 2 do Tmp:=Tmp/I; 
      for I:=(MM-K) downto 2 do Tmp:=Tmp/I; 
      Work[LS,0]:=WORK[LS,0]+TmpD*Tmp2*Tmp; 
      Work[LS,1]:=WORK[LS,1]+TmpC*Tmp2*Tmp; 
    end; 
  end; 
  for LL:=0 to L do begin 
    D[LL]:=Work[LL,0]; 
    C[LL]:=Work[LL,1]; 
  end; 
//-SUBSTITUTE (Z-1)/(Z+1) 
  for J:=0 to L do begin 
    Work[0,J]:=1; 
  end; 
  Tmp:=1; 
//  L:=3; 
  for I:=1 to L do begin 
    Tmp:=Tmp*(L-I+1)/I; 
    Work[I,0]:=Tmp; 
  end; 
  for I:=1 to L do begin 
    for J:=1 to L do begin 
      Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
    end; 
  end; 
  for I:=L downto 0 do begin 
    B[I]:=0; 
    Atmp:=0; 
    for J:=0 to L do begin 
      B[I]:=B[I]+Work[I,J]*D[J]; 
      Atmp:=Atmp+Work[I,J]*C[J]; 
    end; 
    Scale:=Atmp; 
    if I<>0 then A[I]:=Atmp; 
  end; 
  if Scale=0 then Halt; 
  B[0]:=B[0]/Scale; 
  for I:=1 to L do begin 
    B[I]:=B[I]/Scale; 
    A[I]:=A[I]/Scale; 
  end; 
  A[0]:=1; { always true; } 
  Ab[0]:=B[0]; 
  Ab[1]:=A[1]; 
  Ab[2]:=A[2]; 
//Lowest pole A-wt high-pass section 
  D[2]:=0; D[1]:=0; D[0]:=1;  {Num = 0+1 } 
  C[2]:=0; C[1]:=1; C[0]:=1;  {Den = S+1 } 







  W3:=Tan(Pi*F3/Fs); 
// Substitute 1/S to generate highpass 
  D[1]:=1; D[0]:=0;  {Num = S   } 
  C[1]:=1; C[0]:=1;  {Den = S+1 } 
// Scaling S/W1 for Lowpass,Highpass 
  for MM:=0 to 1 do begin 
    D[MM]:=D[MM]/Exp(MM*Ln(W3)); 
    C[MM]:=C[MM]/Exp(MM*Ln(W3)) 
  end; 
//-SUBSTITUTE (Z-1)/(Z+1) 
  L:=1; 
  Tmp:=1; 
  for J:=0 to L do begin 
    Work[0,J]:=1; 
  end; 
  for I:=1 to L do begin 
    Tmp:=Tmp*(L-I+1)/I; 
    Work[I,0]:=Tmp; 
  end; 
  for I:=1 to L do begin 
    for J:=1 to L do begin 
      Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
    end; 
  end; 
  for I:=L downto 0 do begin 
    B[I]:=0; 
    Atmp:=0; 
    for J:=0 to L do begin 
      B[I]:=B[I]+Work[I,J]*D[J]; 
      Atmp:=Atmp+Work[I,J]*C[J]; 
    end; 
    Scale:=Atmp; 
    if I<>0 then A[I]:=Atmp; 
  end; 
  if Scale=0 then Halt; 
  B[0]:=B[0]/Scale; 
  for I:=1 to L do begin 
    B[I]:=B[I]/Scale; 
    A[I]:=A[I]/Scale; 
  end; 
  A[0]:=1; { always true; } 
  Ab[3]:=B[0]; 
  Ab[4]:=A[1]; 
 
  W4:=Tan(Pi*F4/Fs); 
// Substitute 1/S to generate highpass 
  D[1]:=1; D[0]:=0;  {Num = S   } 
  C[1]:=1; C[0]:=1;  {Den = S+1 } 
// Scaling S/W1 for Lowpass,Highpass 
  for MM:=0 to 1 do begin 
    D[MM]:=D[MM]/Exp(MM*Ln(W4)); 







    C[MM]:=C[MM]/Exp(MM*Ln(W4)) 
  end; 
//-SUBSTITUTE (Z-1)/(Z+1) 
  for J:=0 to L do begin 
    Work[0,J]:=1; 
  end; 
  L:=1; 
  Tmp:=1; 
  for I:=1 to L do begin 
    Tmp:=Tmp*(L-I+1)/I; 
    Work[I,0]:=Tmp; 
  end; 
  for I:=1 to L do begin 
    for J:=1 to L do begin 
      Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
    end; 
  end; 
  for I:=L downto 0 do begin 
    B[I]:=0; 
    Atmp:=0; 
    for J:=0 to L do begin 
      B[I]:=B[I]+Work[I,J]*D[J]; 
      Atmp:=Atmp+Work[I,J]*C[J]; 
    end; 
    Scale:=Atmp; 
    if I<>0 then A[I]:=Atmp; 
  end; 
  if Scale=0 then Halt; 
  B[0]:=B[0]/Scale; 
  for I:=1 to L do begin 
    B[I]:=B[I]/Scale; 
    A[I]:=A[I]/Scale; 
  end; 
  A[0]:=1; { always true; } 
  Ab[5]:=B[0]; 
  Ab[6]:=A[1]; 
  Gain:=Ka*Kc*Ab[0]*Ab[0]*Ab[3]*Ab[5]; 
  Ab[7]:=Ab[3]*Ab[5]; 
  Ab[8]:=Ab[4]+Ab[6]; 
  Ab[9]:=Ab[4]*Ab[6]; 
(* 
  I:=Trunc(10*Log10(Fmin))+1; 
  J:=Trunc(10*Log10(Fmax)); 
  with Form1.Canvas do begin 
    Pen.color:=ClRed; 
    for K:=2*I to 2*J do begin 
      Fo:=Exp(Ln10_10*K/2); 
      dsincos(-2*pi*Fo/Fs,Re1,Im1);  {z^-1} 
      dsincos(-2*2*pi*Fo/Fs,Re2,Im2);{z^-2} 
      Re:=1-Re2; 
      Im:=-Im2; 
      Xr:=1+Ab[1]*Re1+Ab[2]*Re2; 







      Xi:=Ab[1]*Im1+Ab[2]*Im2; 
      ComplexDiv(Re,Im,Xr,Xi,X1r,X1i); { 1/2 of C-wt section} 
      ComplexMul(X1r,X1i,X1r,X1i,X2r,X2i); { C-weight 
Section } 
      Re:=1-2*Re1+Re2; 
      Im:=-2*Im1+Im2; 
      Xr:=1+Ab[8]*Re1+Ab[9]*Re2; 
      Xi:=Ab[8]*Im1+Ab[9]*Im2; 
      ComplexDiv(Re,Im,Xr,Xi,X1r,X1i); { A-wt high-pass 
section} 
      ComplexMul(X1r,X1i,X2r,X2i,Xr,Xi); { A-weight Section 
} 
      Polar(Xr,Xi,Mag,Ph); 
      Mag:=20*Log10(Gain*Mag); 
      Xx:=K/(2*10); Yy:=Mag; 
 
      if Xx<Xmin then Xx:=Xmin 
      else if Xx>Xmax then Xx:=Xmax; 
      if Yy<Ymin then Yy:=Ymin 
      else if Yy>Ymax then Yy:=Ymax; 
      Xin:=Round(Sx*(Xx-Xmin)+YlabelWidth); 
      Yin:=Round(Sy*(Yy-Ymax)+Yoffset); 
 
      if K=2*I then MoveTo(Xin,Yin) else LineTo(Xin,Yin); 
    end; 
  end; 
*) 
 
 
  RC2:=0.5*10e-3; 
  Dt:=1/SampleRate; 
  Alpha:=Dt/(RC2+Dt); 
  SizeS1Temp:=SizeS1; 
  asm 
    pushad;  {push 32 bit registers on 80386 and later } 
    fld qword ptr [Ab + 1*8];  {A2} 
    fld qword ptr [Ab + 0*8];  {A1} 
    fld qword ptr [Ab + 3*8];  {B2} 
    fld qword ptr [Ab + 2*8];  {B1} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp]; 
    xor edi,edi; 
  @label1:fxch st(3); 
    fmul st,st(5); 
    fxch st(2); 
    fmul st,st(7); 







    fsubp st(2),st; 
    fld st; 
    fmul st,st(4); 
    faddp st(2),st 
    fxch st(2); 
    fld st; 
    fmul st,st(6); 
    fsubp st(2),st; 
    fxch st(1); 
    fld dword ptr [eax+edi]; { load x0:=Sig[J] } 
    fadd st(1),st 
    fxch st(1) 
    fst dword ptr [ebx+edi]; { save y0:=Sig1[J]} 
    add edi,$4; 
    loop @label1 
    finit; { initialize coprocessor empty stack } 
    fld qword ptr [Ab + 4*8];  {A1} 
    fld qword ptr [Ab + 5*8];  {A2} 
    fld qword ptr [Ab + 6*8];  {A3} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig1]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];              { 0    1   2   3   4   
5   6   7 } 
    xor edi,edi;                       { Y4  Y3  Y2  Y1  A3  
A2  A1    } 
  @label2:fld qword ptr [Ab + 7*8];    { A4  Y4  Y3  Y2  Y1  
A3  A2  A1 } 
    fmulp st(1),st;                    {A4Y4 Y3  Y2  Y1  A3  
A2  A1     } 
    fld dword ptr [eax+edi];           { X0 A4Y4 Y3  Y2  Y1  
A3  A2  A1 } 
    fsubrp st(1),st;  {Y0:=X0-A4Y4}    {Y0   Y3  Y2  Y1  A3  
A2  A1     } 
    fxch st(3);                        {Y1   Y3  Y2  Y0  A3  
A2  A1     } 
    fld st;                            {Y1   Y1  Y3  Y2  Y0  
A3  A2  A1 } 
    fmul st,st(7);                     {A1Y1 Y1  Y3  Y2  Y0  
A3  A2  A1 } 
    fsubp st(4),st;  {Y0=Y0-A1Y1}      {Y1   Y3  Y2  Y0  A3  
A2  A1     } 
    fxch st(2);                        {Y2   Y3  Y1  Y0  A3  
A2  A1     } 
    fld st;                            {Y2   Y2  Y3  Y1  Y0  
A3  A2  A1 } 
    fmul st,st(6);                     {A2Y2 Y2  Y3  Y1  Y0  
A3  A2  A1 } 







    fsubp st(4),st;   {Y0:=Y0-A2Y2}    {Y2   Y3  Y1  Y0  A3  
A2  A1     } 
    fxch st(1);                        {Y3   Y2  Y1  Y0  A3  
A2  A1     } 
    fld st;                            {Y3   Y3  Y2  Y1  Y0  
A3  A2  A1 } 
    fmul st,st(5);                     {A3Y3 Y3  Y2  Y1  Y0  
A3  A2  A1 } 
    fsubp st(4),st;   {Y0:=Y0-A3Y3}    {Y3   Y2  Y1  Y0  A3  
A2  A1     } 
    fxch st(3);                        {Y0   Y2  Y1  Y3  A3  
A2  A1     } 
    fst dword ptr [ebx+edi]; { save y0} 
    fxch st(3);{shift sample time index Y4   Y3  Y2  Y1  A3  
A2  A1     } 
    add edi,$4; 
    loop @label2 
    finit; { initialize coprocessor empty stack } 
    fld dword ptr [Alpha];             {Alp                              
} 
    fldz;                              {  0 Alp                          
} 
    fld qword ptr [Ab + 8*8];          {  G   0 Alp                      
} 
    fldz;                              {  0   G   0 Alp                  
} 
    fldz;                              {  0   0   G   0 Alp              
} 
    fldz;                              {  0   0   0   G   0 
Alp          } 
    fldz;                              {  0   0   0   0   G   
0 Alp      } 
    mov eax,[Sig1]; 
    mov ebx,[Sig]; 
    mov ecx,[SizeS1Temp];              {  0   1   2   3   4   
5   6   7 } 
    xor edi,edi;                       { X4  X3  X2  X1   G   
E Alp     } 
  @label3:fxch st(3);                  { X1  X3  X2  X4   G   
E Alp     } 
    fxch st(2);                        { X2  X3  X1  X4   G   
E Alp     } 
    fsub st(3),st;                     { X2  X3  X1 X4-X2 G   
E Alp     } 
    fsub st(3),st;                     { X2  X3  X1 X4-2X2 G  
E Alp     } 
    fxch st(1);                        { X3  X2  X1 X4-2X2 G  
E Alp     } 
    fld dword ptr [eax+edi];           { X0  X3  X2  X1 X4-
2X2 G  E Alp } 
    fadd st(4),st;                     { X0  X3  X2  X1  Y0   
G   E Alp } 







    fxch st(4);                        { Y0  X3  X2  X1  X0   
G   E Alp } 
    fmul st,st(5)                      { Y0  X3  X2  X1  X0   
G   E Alp } 
    fstp dword ptr [ebx+edi];          { X3  X2  X1  X0   G   
E  Alp     } 
 
//    fmul st,st;                        { Y2  X3  X2  X1  X0   
G   E Alp } 
//    fsub st,st(6);                     {Y2-E X3  X2  X1  X0   
G   E Alp } 
//    fmul st,st(7);                     {A(Y2-E) X3 X2 X1 X0   
G   E Alp } 
//    faddp st(6),st;                    {X3 X2 X1 X0  G  
E=E+A(Y2-E) Alp } 
//    fxch st(5);                        { E   X2  X1  X0   G   
X3  Alp   } 
//    fst dword ptr [ebx+edi];           { E   X2  X1  X0   G   
X3  Alp     } 
//    fxch st(5);                        { X3  X2  X1  X0   G   
E   Alp   } 
//    update index                       { X4  X3  X2  X1   G   
E   Alp   } 
 
    add edi,$4; 
    loop @label3; 
    finit; { initialize coprocessor empty stack } 
    popad; 
  end; 
 
 
 
(* 
  for J1:=0 to 1190 do begin 
    J:=Round(J1*(SizeS1-10)/1190); 
    Ts[J1,Jj]:=10*Log10(Sig1[J]); 
  end; 
  PlotNew:=False; 
  for J:=0 to SizeS1 do begin 
    J1:=J-10; 
    if J1>=0 then Sig[J1]:=Sqrt(Sig1[J]); 
  end; 
//  PressureTimePlot; 
  J1:=J; 
*) 
 
end; 
 
 
procedure AWeightFilter2; 
var 







  A,B,C,D,E : array[0..2] of double; 
  Work: array[0..2,0..2] of double; 
  
Fs,W1,W2,W3,W4,Fo,F1,F2,F3,F4,Ka,Kc,W,W02,LW02,Num,Den,Tmp,
Tmp2,Atmp, 
    
Scale,TmpD,TmpC,P,Q,R,S,U,V,X,Y,Z,U1,Aa1,Aa2,Aa3,Aa4,A1,A2,
A3,A4,Aa,Bb,Cc, 
    Gain,Re,Im,Re1,Im1,Re2,Im2,Xr,Xi,X1r,X1i,X2r,X2i,Mag,Ph 
: double; 
  Mm,M,I,J,L,LL,LS : integer; 
begin 
  F1:=20.598997; {-1.5dB, 1/2 C-wt filter  } 
  F2:=12194.217; {-1.5dB   ''              } 
  F3:=107.65265;  { A-wt addition, 2 connected RC low-pass at 
10^2.45 Hz} 
  F4:=737.86223; 
  Ka:=1.258875486; 
  Kc:=1.007152169; 
//  SampleRate:=44100; 
  Fs:=SampleRate; 
  W1:=Tan(Pi*F1/Fs); 
  W2:=Tan(Pi*F2/Fs); 
   { Odd, Single Pole Low-pass Section } 
  I:=1;              {        D(s)      1    } 
  D[1]:=0; D[0]:=1;  { H(s) = ---- = ------- } 
  C[1]:=1; C[0]:=1;  {        C(s)    s + 1  } 
  M:=I; 
  L:=2*M; 
  for I:=0 to L do for J:=0 to L do Work[I,J]:=0; 
  for LL:=0 to L do begin 
    Work[LL,0]:=0; 
    Work[LL,1]:=0; 
  end; 
// Scaling S/W1 for low-pass,highpass 
  for MM:=0 to 1 do begin 
    D[MM]:=D[MM]/Exp(MM*Ln(W2)); 
    C[MM]:=C[MM]/Exp(MM*Ln(W2)) 
  end; 
//-SUBSTITUTE (Z-1)/(Z+1) 
  L:=1; 
  Tmp:=1; 
  for J:=0 to L do begin 
    Work[0,J]:=1; 
  end; 
  for I:=1 to L do begin 
    Tmp:=Tmp*(L-I+1)/I; 
    Work[I,0]:=Tmp; 
  end; 
  for I:=1 to L do begin 
    for J:=1 to L do begin 
      Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 







    end; 
  end; 
  for I:=L downto 0 do begin 
    B[I]:=0; 
    Atmp:=0; 
    for J:=0 to L do begin 
      B[I]:=B[I]+Work[I,J]*D[J]; 
      Atmp:=Atmp+Work[I,J]*C[J]; 
    end; 
    Scale:=Atmp; 
    if I<>0 then A[I]:=Atmp; 
  end; 
  if Scale=0 then Halt; 
  B[0]:=B[0]/Scale; 
  for I:=1 to L do begin 
    B[I]:=B[I]/Scale; 
    A[I]:=A[I]/Scale; 
  end; 
  A[0]:=1; { always true; } 
  Ab[0]:=B[0]; 
{  Ab[3]:=B[0];} 
  Ab[1]:=A[1]; 
 
// Substitute 1/S to generate highpass 
  I:=1;              {        D(s)      s    } 
  D[1]:=1; D[0]:=0;  { H(s) = ---- = ------- } 
  C[1]:=1; C[0]:=1;  {        C(s)    s + 1  } 
  M:=I; 
// Scaling S/W1 for Lowpass,Highpass 
  for MM:=0 to 1 do begin 
    D[MM]:=D[MM]/Exp(MM*Ln(W1)); 
    C[MM]:=C[MM]/Exp(MM*Ln(W1)) 
  end; 
//-SUBSTITUTE (Z-1)/(Z+1) 
  L:=1; 
  Tmp:=1; 
  for J:=0 to L do begin 
    Work[0,J]:=1; 
  end; 
  for I:=1 to L do begin 
    Tmp:=Tmp*(L-I+1)/I; 
    Work[I,0]:=Tmp; 
  end; 
  for I:=1 to L do begin 
    for J:=1 to L do begin 
      Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
    end; 
  end; 
  for I:=L downto 0 do begin 
    B[I]:=0; 
    Atmp:=0; 







    for J:=0 to L do begin 
      B[I]:=B[I]+Work[I,J]*D[J]; 
      Atmp:=Atmp+Work[I,J]*C[J]; 
    end; 
    Scale:=Atmp; 
    if I<>0 then A[I]:=Atmp; 
  end; 
  if Scale=0 then Halt; 
  B[0]:=B[0]/Scale; 
  for I:=1 to L do begin 
    B[I]:=B[I]/Scale; 
    A[I]:=A[I]/Scale; 
  end; 
  A[0]:=1; { always true; } 
  Ab[0]:=Ab[0]*B[0]; 
 { Ab[3]:=B[0];} 
  Ab[2]:=A[1]; 
  Tmp:=Ab[1]+Ab[2]; 
  Ab[2]:=Ab[1]*Ab[2]; 
  Ab[1]:=Tmp; 
 
//Lowest pole A-wt high-pass section 
  D[2]:=0; D[1]:=0; D[0]:=1;  {Num = 0+1 } 
  C[2]:=0; C[1]:=1; C[0]:=1;  {Den = S+1 } 
  W3:=Tan(Pi*F3/Fs); 
// Substitute 1/S to generate highpass 
  D[1]:=1; D[0]:=0;  {Num = S   } 
  C[1]:=1; C[0]:=1;  {Den = S+1 } 
// Scaling S/W1 for Lowpass,Highpass 
  for MM:=0 to 1 do begin 
    D[MM]:=D[MM]/Exp(MM*Ln(W3)); 
    C[MM]:=C[MM]/Exp(MM*Ln(W3)) 
  end; 
//-SUBSTITUTE (Z-1)/(Z+1) 
  L:=1; 
  Tmp:=1; 
  for J:=0 to L do begin 
    Work[0,J]:=1; 
  end; 
  for I:=1 to L do begin 
    Tmp:=Tmp*(L-I+1)/I; 
    Work[I,0]:=Tmp; 
  end; 
  for I:=1 to L do begin 
    for J:=1 to L do begin 
      Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
    end; 
  end; 
  for I:=L downto 0 do begin 
    B[I]:=0; 
    Atmp:=0; 







    for J:=0 to L do begin 
      B[I]:=B[I]+Work[I,J]*D[J]; 
      Atmp:=Atmp+Work[I,J]*C[J]; 
    end; 
    Scale:=Atmp; 
    if I<>0 then A[I]:=Atmp; 
  end; 
  if Scale=0 then Halt; 
  B[0]:=B[0]/Scale; 
  for I:=1 to L do begin 
    B[I]:=B[I]/Scale; 
    A[I]:=A[I]/Scale; 
  end; 
  A[0]:=1; { always true; } 
  Ab[3]:=B[0]; 
  Ab[4]:=A[1]; 
 
  W4:=Tan(Pi*F4/Fs); 
// Substitute 1/S to generate highpass 
  D[1]:=1; D[0]:=0;  {Num = S   } 
  C[1]:=1; C[0]:=1;  {Den = S+1 } 
// Scaling S/W1 for Lowpass,Highpass 
  for MM:=0 to 1 do begin 
    D[MM]:=D[MM]/Exp(MM*Ln(W4)); 
    C[MM]:=C[MM]/Exp(MM*Ln(W4)) 
  end; 
//-SUBSTITUTE (Z-1)/(Z+1) 
  for J:=0 to L do begin 
    Work[0,J]:=1; 
  end; 
  L:=1; 
  Tmp:=1; 
  for I:=1 to L do begin 
    Tmp:=Tmp*(L-I+1)/I; 
    Work[I,0]:=Tmp; 
  end; 
  for I:=1 to L do begin 
    for J:=1 to L do begin 
      Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
    end; 
  end; 
  for I:=L downto 0 do begin 
    B[I]:=0; 
    Atmp:=0; 
    for J:=0 to L do begin 
      B[I]:=B[I]+Work[I,J]*D[J]; 
      Atmp:=Atmp+Work[I,J]*C[J]; 
    end; 
    Scale:=Atmp; 
    if I<>0 then A[I]:=Atmp; 
  end; 







  if Scale=0 then Halt; 
  B[0]:=B[0]/Scale; 
  for I:=1 to L do begin 
    B[I]:=B[I]/Scale; 
    A[I]:=A[I]/Scale; 
  end; 
  A[0]:=1; { always true; } 
  Ab[5]:=B[0]; 
  Ab[6]:=A[1]; 
  Gain:=Ka*Kc*Ab[0]*Ab[0]*Ab[3]*Ab[5]; 
  Ab[0]:=Gain; 
  Ab[7]:=Ab[4]+Ab[6]; 
  Ab[8]:=Ab[4]*Ab[6]; 
  I:=Trunc(10*Log10(Fmin))+1; 
  J:=Trunc(10*Log10(Fmax)); 
 
  with Form1.Canvas do begin 
    Pen.color:=ClRed; 
    for K:=2*I to 2*J do begin 
      Fo:=Exp(Ln10_10*K/2); 
      dsincos(-2*pi*Fo/Fs,Re1,Im1);  {z^-1} 
      dsincos(-2*2*pi*Fo/Fs,Re2,Im2);{z^-2} 
      Re:=1-Re2; 
      Im:=-Im2; 
      Xr:=1+Ab[1]*Re1+Ab[2]*Re2; 
      Xi:=Ab[1]*Im1+Ab[2]*Im2; 
      ComplexDiv(Re,Im,Xr,Xi,X1r,X1i); { 1/2 of C-wt section} 
      ComplexMul(X1r,X1i,X1r,X1i,X2r,X2i); { C-weight 
Section } 
      Re:=1-2*Re1+Re2; 
      Im:=-2*Im1+Im2; 
      Xr:=1+Ab[7]*Re1+Ab[8]*Re2; 
      Xi:=Ab[7]*Im1+Ab[8]*Im2; 
      ComplexDiv(Re,Im,Xr,Xi,X1r,X1i); { A-wt high-pass 
section} 
      ComplexMul(X1r,X1i,X2r,X2i,Xr,Xi); { A-weight Section 
} 
      Polar(Xr,Xi,Mag,Ph); 
      Mag:=20*Log10(Gain*Mag); 
      Xx:=K/(2*10); Yy:=Mag; 
 
      if Xx<Xmin then Xx:=Xmin 
      else if Xx>Xmax then Xx:=Xmax; 
      if Yy<Ymin then Yy:=Ymin 
      else if Yy>Ymax then Yy:=Ymax; 
      Xin:=Round(Sx*(Xx-Xmin)+YlabelWidth); 
      Yin:=Round(Sy*(Yy-Ymax)+Yoffset); 
 
      if K=2*I then MoveTo(Xin,Yin) else LineTo(Xin,Yin); 
    end; 
  end; 







 
  RC2:=0.5*10e-3; 
  Dt:=1/SampleRate; 
  Alpha:=Dt/(RC2+Dt); 
  SizeS1Temp:=SizeS1; 
  asm 
    pushad;  {push 32 bit registers on 80386 and later } 
    fld qword ptr [Ab + 0*8];  { G      1st half of C-wt and 
gain scaling } 
    fld qword ptr [Ab + 2*8];  {A2} 
    fld qword ptr [Ab + 1*8];  {A1} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];   { 0      1       2      3     4     
5   6   7 } 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2   G } 
@label1:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2   G } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2   G } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2   G } 
    faddp st(2),st;         { X1  X2+A2Y2   Y1     A1    A2     
G     } 
    fxch st(2);             { Y1  X2+A2Y2   X1     A1    A2     
G     } 
    fld st;                 { Y1     Y1  X2+A2Y2   X1    A1    
A2   G } 
    fmul st,st(4);          {A1Y1   Y1   X2+A2Y2   X1    A1    
A2   G } 
    faddp st(2),st          { Y1 X2+A2Y2+A1Y1 X1   A1    A2     
G     } 
    fxch st(1);             { Yy     Y1     X1     A1    A2     
G     } 
    fld dword ptr [eax+edi];{ Xo     Yy     Y1     X1    A1    
A2   G } 
    fsubr  st(1),st;   {B0=1  Xo Yo=Xo-Yy   Y1     X1    A1    
A2   G } 
    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2   G } 
    fld st;                 { Yo     Yo     Xo     Y1    X1    
A1   A2  G } 
    fmul st,st(7);        { G*Yo     Yo     Xo     Y1    X1    
A1   A2  G } 
    fstp dword ptr [ebx+edi];{Yo     Xo     Y1     X1    A1    
A2   G } 







    add edi,$4;   {new times  Y1     X1     Y2     X2    A1    
A2   G } 
    loop @label1; 
    finit; { initialize coprocessor empty stack } 
    fld qword ptr [Ab + 2*8];  {A2   second half of C-weight  
} 
    fld qword ptr [Ab + 1*8];  {A1} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];   { 0      1       2      3     4     
5   6 } 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2     } 
@label2:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2     } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2     } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2     } 
    faddp st(2),st;         { X1  X2+A2Y2   Y1     A1    A2           
} 
    fxch st(2);             { Y1  X2+A2Y2   X1     A1    A2           
} 
    fld st;                 { Y1     Y1  X2+A2Y2   X1    A1    
A2     } 
    fmul st,st(4);          {A1Y1   Y1   X2+A2Y2   X1    A1    
A2     } 
    faddp st(2),st          { Y1 X2+A2Y2+A1Y1 X1   A1    A2           
} 
    fxch st(1);             { Yy     Y1     X1     A1    A2           
} 
    fld dword ptr [ebx+edi];{ Xo     Yy     Y1     X1    A1    
A2     } 
    fsubr  st(1),st;   {B0=1  Xo Yo=Xo-Yy   Y1     X1    A1    
A2     } 
    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2     } 
    fst dword ptr [ebx+edi];{ Yo     Xo     Y1     X1    A1    
A2     } 
    add edi,$4;   {new times  Y1     X1     Y2     X2    A1    
A2     } 
    loop @label2; 
    finit; { initialize coprocessor empty stack } 
    fldz;                      {E   A-weight section } 
    fld qword ptr [Ab + 8*8];  {A2 } 
    fld qword ptr [Ab + 7*8];  {A1} 
    fldz; 
    fldz; 







    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];   { 0      1       2      3     4     
5   6   7 } 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2   E     } 
@label3:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2   E     } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2   E     } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2   E     } 
    fsubp st(2),st;         { X1  X2-A2Y2   Y1     A1    A2    
E          } 
    fsub st(1),st;          { X1 X2-X1-A2Y2 Y1     A1    A2    
E          } 
    fsub st(1),st;          { X1 X2-2X1-A2Y2 Y1     A1   A2    
E          } 
    fxch st(2);             { Y1 X2-2X1-A2Y2 X1     A1   A2    
E          } 
    fld st;                 { Y1    Y1  X2-2X1-A2Y2 X1   A1    
A2   E     } 
    fmul st,st(4);          {A1Y1   Y1  X2-2X1-A2Y2 X1   A1    
A2   E     } 
    fsubp st(2),st          {Y1 X2-2X1-A2Y2-A1Y1   X1   A1     
A2   E     } 
    fxch st(1);             { Yy     Y1     X1     A1    A2     
E         } 
    fld dword ptr [ebx+edi];{ Xo     Yy     Y1     X1    A1    
A2   E     } 
    fadd  st(1),st;    {B0=1  Xo Yo=Xo+Yy   Y1     X1    A1    
A2   E     } 
    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2   E     } 
    fld st;                 { Yo     Yo     Xo     Y1    X1    
A1  A2   E } 
    fmul st,st(1);          {Yo2     Yo     Xo     Y1    X1    
A1  A2   E } 
    fsub st,st(7);          {Yo2-E    Yo   Xo     Y1    X1    
A1  A2   E } 
    fmul [dword ptr Alpha];{A*(Yo2-E) Yo   Xo     Y1    X1    
A1  A2   E } 
    faddp st(7),st;         { Yo     Xo     Y1     X1    A1    
A2  E+A*(Yo2-E)} 
//    fxch st(6);             { E      Xo     Y1     X1    A1    
A2  Yo     } 
    fst dword ptr [eax+edi];{ E      Xo     Y1     X1    A1    
A2  Yo     } 
//    fxch st(6);             { Yo     Xo     Y1     X1    A1    
A2   E     } 







    add edi,$4;   {new times  Y1     X1     Y2     X2    A1    
A2   E     } 
    loop @label3; 
    finit; { initialize coprocessor empty stack } 
    popad; 
  end; 
(*  for J1:=0 to SizeS1-3 do begin 
    Sig[J]:=Sig[J+3] 
  end; 
  for J1:=SizeS1-7 to SizeS1 do Sig[J]:=0; 
*) 
(* 
  for J1:=0 to 1190 do begin 
    J:=Round(J1*(SizeS1-10)/1190); 
    Ts[J1,Jj]:=10*Log10(Sig1[J]); 
  end; 
  PlotNew:=False; 
  for J:=0 to SizeS1 do begin 
    J1:=J-10; 
    if J1>=0 then Sig[J1]:=Sqrt(Sig1[J]); 
  end; 
//  PressureTimePlot; 
  J1:=J; 
*) 
end; 
 
procedure AWeightFilter3; 
var 
  A,B,C,D,E : array[0..2] of double; 
  Work: array[0..2,0..2] of double; 
  
Fs,W1,W2,W3,W4,Fo,F1,F2,F3,F4,Ka,Kc,W,W02,LW02,Num,Den,Tmp,
Tmp2,Atmp, 
    
Scale,TmpD,TmpC,P,Q,R,S,U,V,X,Y,Z,U1,Aa1,Aa2,Aa3,Aa4,A1,A2,
A3,A4,Aa,Bb,Cc, 
    Gain,Re,Im,Re1,Im1,Re2,Im2,Xr,Xi,X1r,X1i,X2r,X2i,Mag,Ph 
: double; 
  Mm,M,I,J,L,LL,LS : integer; 
begin 
  F1:=20.598997; {-1.5dB, 1/2 C-wt filter  } 
  F2:=12194.217; {-1.5dB   ''              } 
  F3:=107.65265;  { A-wt addition, 2 connected RC low-pass at 
10^2.45 Hz} 
  F4:=737.86223; 
  Ka:=1.258875486; 
  Kc:=1.007152169; 
//  SampleRate:=44100; 
  Fs:=SampleRate; 
  W1:=Tan(Pi*F1/Fs); 
  W2:=Tan(Pi*F2/Fs); 







   { Odd, Single Pole Low-pass Section } 
  I:=1;              {        D(s)      1    } 
  D[1]:=0; D[0]:=1;  { H(s) = ---- = ------- } 
  C[1]:=1; C[0]:=1;  {        C(s)    s + 1  } 
  M:=I; 
  L:=2*M; 
  for I:=0 to L do for J:=0 to L do Work[I,J]:=0; 
  for LL:=0 to L do begin 
    Work[LL,0]:=0; 
    Work[LL,1]:=0; 
  end; 
// Scaling S/W1 for low-pass,highpass 
  for MM:=0 to 1 do begin 
    D[MM]:=D[MM]/Exp(MM*Ln(W2)); 
    C[MM]:=C[MM]/Exp(MM*Ln(W2)) 
  end; 
//-SUBSTITUTE (Z-1)/(Z+1) 
  L:=1; 
  Tmp:=1; 
  for J:=0 to L do begin 
    Work[0,J]:=1; 
  end; 
  for I:=1 to L do begin 
    Tmp:=Tmp*(L-I+1)/I; 
    Work[I,0]:=Tmp; 
  end; 
  for I:=1 to L do begin 
    for J:=1 to L do begin 
      Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
    end; 
  end; 
  for I:=L downto 0 do begin 
    B[I]:=0; 
    Atmp:=0; 
    for J:=0 to L do begin 
      B[I]:=B[I]+Work[I,J]*D[J]; 
      Atmp:=Atmp+Work[I,J]*C[J]; 
    end; 
    Scale:=Atmp; 
    if I<>0 then A[I]:=Atmp; 
  end; 
  if Scale=0 then Halt; 
  B[0]:=B[0]/Scale; 
  for I:=1 to L do begin 
    B[I]:=B[I]/Scale; 
    A[I]:=A[I]/Scale; 
  end; 
  A[0]:=1; { always true; } 
  Ab[0]:=B[0]; 
{  Ab[3]:=B[0];} 
  Ab[1]:=A[1]; 







 
// Substitute 1/S to generate highpass 
  I:=1;              {        D(s)      s    } 
  D[1]:=1; D[0]:=0;  { H(s) = ---- = ------- } 
  C[1]:=1; C[0]:=1;  {        C(s)    s + 1  } 
  M:=I; 
// Scaling S/W1 for Lowpass,Highpass 
  for MM:=0 to 1 do begin 
    D[MM]:=D[MM]/Exp(MM*Ln(W1)); 
    C[MM]:=C[MM]/Exp(MM*Ln(W1)) 
  end; 
//-SUBSTITUTE (Z-1)/(Z+1) 
  L:=1; 
  Tmp:=1; 
  for J:=0 to L do begin 
    Work[0,J]:=1; 
  end; 
  for I:=1 to L do begin 
    Tmp:=Tmp*(L-I+1)/I; 
    Work[I,0]:=Tmp; 
  end; 
  for I:=1 to L do begin 
    for J:=1 to L do begin 
      Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
    end; 
  end; 
  for I:=L downto 0 do begin 
    B[I]:=0; 
    Atmp:=0; 
    for J:=0 to L do begin 
      B[I]:=B[I]+Work[I,J]*D[J]; 
      Atmp:=Atmp+Work[I,J]*C[J]; 
    end; 
    Scale:=Atmp; 
    if I<>0 then A[I]:=Atmp; 
  end; 
  if Scale=0 then Halt; 
  B[0]:=B[0]/Scale; 
  for I:=1 to L do begin 
    B[I]:=B[I]/Scale; 
    A[I]:=A[I]/Scale; 
  end; 
  A[0]:=1; { always true; } 
  Ab[0]:=Ab[0]*B[0]; 
 { Ab[3]:=B[0];} 
  Ab[2]:=A[1]; 
  Tmp:=Ab[1]+Ab[2]; 
  Ab[2]:=Ab[1]*Ab[2]; 
  Ab[1]:=Tmp; 
 
//Lowest pole A-wt high-pass section 







  D[2]:=0; D[1]:=0; D[0]:=1;  {Num = 0+1 } 
  C[2]:=0; C[1]:=1; C[0]:=1;  {Den = S+1 } 
  W3:=Tan(Pi*F3/Fs); 
// Substitute 1/S to generate highpass 
  D[1]:=1; D[0]:=0;  {Num = S   } 
  C[1]:=1; C[0]:=1;  {Den = S+1 } 
// Scaling S/W1 for Lowpass,Highpass 
  for MM:=0 to 1 do begin 
    D[MM]:=D[MM]/Exp(MM*Ln(W3)); 
    C[MM]:=C[MM]/Exp(MM*Ln(W3)) 
  end; 
//-SUBSTITUTE (Z-1)/(Z+1) 
  L:=1; 
  Tmp:=1; 
  for J:=0 to L do begin 
    Work[0,J]:=1; 
  end; 
  for I:=1 to L do begin 
    Tmp:=Tmp*(L-I+1)/I; 
    Work[I,0]:=Tmp; 
  end; 
  for I:=1 to L do begin 
    for J:=1 to L do begin 
      Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
    end; 
  end; 
  for I:=L downto 0 do begin 
    B[I]:=0; 
    Atmp:=0; 
    for J:=0 to L do begin 
      B[I]:=B[I]+Work[I,J]*D[J]; 
      Atmp:=Atmp+Work[I,J]*C[J]; 
    end; 
    Scale:=Atmp; 
    if I<>0 then A[I]:=Atmp; 
  end; 
  if Scale=0 then Halt; 
  B[0]:=B[0]/Scale; 
  for I:=1 to L do begin 
    B[I]:=B[I]/Scale; 
    A[I]:=A[I]/Scale; 
  end; 
  A[0]:=1; { always true; } 
  Ab[3]:=B[0]; 
  Ab[4]:=A[1]; 
 
  W4:=Tan(Pi*F4/Fs); 
// Substitute 1/S to generate highpass 
  D[1]:=1; D[0]:=0;  {Num = S   } 
  C[1]:=1; C[0]:=1;  {Den = S+1 } 
// Scaling S/W1 for Lowpass,Highpass 







  for MM:=0 to 1 do begin 
    D[MM]:=D[MM]/Exp(MM*Ln(W4)); 
    C[MM]:=C[MM]/Exp(MM*Ln(W4)) 
  end; 
//-SUBSTITUTE (Z-1)/(Z+1) 
  for J:=0 to L do begin 
    Work[0,J]:=1; 
  end; 
  L:=1; 
  Tmp:=1; 
  for I:=1 to L do begin 
    Tmp:=Tmp*(L-I+1)/I; 
    Work[I,0]:=Tmp; 
  end; 
  for I:=1 to L do begin 
    for J:=1 to L do begin 
      Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
    end; 
  end; 
  for I:=L downto 0 do begin 
    B[I]:=0; 
    Atmp:=0; 
    for J:=0 to L do begin 
      B[I]:=B[I]+Work[I,J]*D[J]; 
      Atmp:=Atmp+Work[I,J]*C[J]; 
    end; 
    Scale:=Atmp; 
    if I<>0 then A[I]:=Atmp; 
  end; 
  if Scale=0 then Halt; 
  B[0]:=B[0]/Scale; 
  for I:=1 to L do begin 
    B[I]:=B[I]/Scale; 
    A[I]:=A[I]/Scale; 
  end; 
  A[0]:=1; { always true; } 
  Ab[5]:=B[0]; 
  Ab[6]:=A[1]; 
  Gain:=Ka*Kc*Ab[0]*Ab[0]*Ab[3]*Ab[5]; 
  Ab[0]:=Gain; 
  Ab[7]:=Ab[4]+Ab[6]; 
  Ab[8]:=Ab[4]*Ab[6]; 
  I:=Trunc(10*Log10(Fmin))+1; 
  J:=Trunc(10*Log10(Fmax)); 
 
  with Form1.Canvas do begin 
    Pen.color:=ClRed; 
    for K:=2*I to 2*J do begin 
      Fo:=Exp(Ln10_10*K/2); 
      dsincos(-2*pi*Fo/Fs,Re1,Im1);  {z^-1} 
      dsincos(-2*2*pi*Fo/Fs,Re2,Im2);{z^-2} 







      Re:=1-Re2; 
      Im:=-Im2; 
      Xr:=1+Ab[1]*Re1+Ab[2]*Re2; 
      Xi:=Ab[1]*Im1+Ab[2]*Im2; 
      ComplexDiv(Re,Im,Xr,Xi,X1r,X1i); { 1/2 of C-wt section} 
      ComplexMul(X1r,X1i,X1r,X1i,X2r,X2i); { C-weight 
Section } 
      Re:=1-2*Re1+Re2; 
      Im:=-2*Im1+Im2; 
      Xr:=1+Ab[7]*Re1+Ab[8]*Re2; 
      Xi:=Ab[7]*Im1+Ab[8]*Im2; 
      ComplexDiv(Re,Im,Xr,Xi,X1r,X1i); { A-wt high-pass 
section} 
      ComplexMul(X1r,X1i,X2r,X2i,Xr,Xi); { A-weight Section 
} 
      Polar(Xr,Xi,Mag,Ph); 
      Mag:=20*Log10(Gain*Mag); 
      Xx:=K/(2*10); Yy:=Mag; 
 
      if Xx<Xmin then Xx:=Xmin 
      else if Xx>Xmax then Xx:=Xmax; 
      if Yy<Ymin then Yy:=Ymin 
      else if Yy>Ymax then Yy:=Ymax; 
      Xin:=Round(Sx*(Xx-Xmin)+YlabelWidth); 
      Yin:=Round(Sy*(Yy-Ymax)+Yoffset); 
 
      if K=2*I then MoveTo(Xin,Yin) else LineTo(Xin,Yin); 
    end; 
  end; 
 
{  RC2:=0.5*10e-3;} 
  Dt:=1/SampleRate; 
  Alpha:=Dt/(RC2+Dt); 
  SizeS1Temp:=SizeS1; 
  asm 
    pushad;  {push 32 bit registers on 80386 and later } 
    fld qword ptr [Ab + 0*8];  { G      1st half of C-wt and 
gain scaling } 
    fld qword ptr [Ab + 2*8];  {A2} 
    fld qword ptr [Ab + 1*8];  {A1} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];   { 0      1       2      3     4     
5   6   7 } 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2   G } 







@label1:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2   G } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2   G } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2   G } 
    faddp st(2),st;         { X1  X2+A2Y2   Y1     A1    A2     
G     } 
    fxch st(2);             { Y1  X2+A2Y2   X1     A1    A2     
G     } 
    fld st;                 { Y1     Y1  X2+A2Y2   X1    A1    
A2   G } 
    fmul st,st(4);          {A1Y1   Y1   X2+A2Y2   X1    A1    
A2   G } 
    faddp st(2),st          { Y1 X2+A2Y2+A1Y1 X1   A1    A2     
G     } 
    fxch st(1);             { Yy     Y1     X1     A1    A2     
G     } 
    fld dword ptr [eax+edi];{ Xo     Yy     Y1     X1    A1    
A2   G } 
    fsubr  st(1),st;   {B0=1  Xo Yo=Xo-Yy   Y1     X1    A1    
A2   G } 
    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2   G } 
    fld st;                 { Yo     Yo     Xo     Y1    X1    
A1   A2  G } 
    fmul st,st(7);        { G*Yo     Yo     Xo     Y1    X1    
A1   A2  G } 
    fstp dword ptr [ebx+edi];{Yo     Xo     Y1     X1    A1    
A2   G } 
    add edi,$4;   {new times  Y1     X1     Y2     X2    A1    
A2   G } 
    loop @label1; 
    finit; { initialize coprocessor empty stack } 
    fld qword ptr [Ab + 2*8];  {A2   second half of C-weight  
} 
    fld qword ptr [Ab + 1*8];  {A1} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];   { 0      1       2      3     4     
5   6 } 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2     } 
@label2:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2     } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2     } 







    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2     } 
    faddp st(2),st;         { X1  X2+A2Y2   Y1     A1    A2           
} 
    fxch st(2);             { Y1  X2+A2Y2   X1     A1    A2           
} 
    fld st;                 { Y1     Y1  X2+A2Y2   X1    A1    
A2     } 
    fmul st,st(4);          {A1Y1   Y1   X2+A2Y2   X1    A1    
A2     } 
    faddp st(2),st          { Y1 X2+A2Y2+A1Y1 X1   A1    A2           
} 
    fxch st(1);             { Yy     Y1     X1     A1    A2           
} 
    fld dword ptr [ebx+edi];{ Xo     Yy     Y1     X1    A1    
A2     } 
    fsubr  st(1),st;   {B0=1  Xo Yo=Xo-Yy   Y1     X1    A1    
A2     } 
    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2     } 
    fst dword ptr [ebx+edi];{ Yo     Xo     Y1     X1    A1    
A2     } 
    add edi,$4;   {new times  Y1     X1     Y2     X2    A1    
A2     } 
    loop @label2; 
    finit; { initialize coprocessor empty stack } 
    fldz;                      {E   A-weight section } 
    fld qword ptr [Ab + 8*8];  {A2 } 
    fld qword ptr [Ab + 7*8];  {A1} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];   { 0      1       2      3     4     
5   6   7 } 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2   E     } 
@label3:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2   E     } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2   E     } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2   E     } 
    fsubp st(2),st;         { X1  X2-A2Y2   Y1     A1    A2    
E          } 
    fsub st(1),st;          { X1 X2-X1-A2Y2 Y1     A1    A2    
E          } 
    fsub st(1),st;          { X1 X2-2X1-A2Y2 Y1     A1   A2    
E          } 







    fxch st(2);             { Y1 X2-2X1-A2Y2 X1     A1   A2    
E          } 
    fld st;                 { Y1    Y1  X2-2X1-A2Y2 X1   A1    
A2   E     } 
    fmul st,st(4);          {A1Y1   Y1  X2-2X1-A2Y2 X1   A1    
A2   E     } 
    fsubp st(2),st          {Y1 X2-2X1-A2Y2-A1Y1   X1   A1     
A2   E     } 
    fxch st(1);             { Yy     Y1     X1     A1    A2     
E         } 
    fld dword ptr [ebx+edi];{ Xo     Yy     Y1     X1    A1    
A2   E     } 
    fadd  st(1),st;    {B0=1  Xo Yo=Xo+Yy   Y1     X1    A1    
A2   E     } 
    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2   E     } 
    fld st;                 { Yo     Yo     Xo     Y1    X1    
A1  A2   E } 
    fmul st,st(1);          {Yo2     Yo     Xo     Y1    X1    
A1  A2   E } 
    fsub st,st(7);          {Yo2-E    Yo   Xo     Y1    X1    
A1  A2   E } 
    fmul [dword ptr Alpha];{A*(Yo2-E) Yo   Xo     Y1    X1    
A1  A2   E } 
    faddp st(7),st;         { Yo     Xo     Y1     X1    A1    
A2  E+A*(Yo2-E)} 
    fxch st(6);             { E      Xo     Y1     X1    A1    
A2  Yo     } 
    fst dword ptr [eax+edi];{ E      Xo     Y1     X1    A1    
A2  Yo     } 
    fxch st(6);             { Yo     Xo     Y1     X1    A1    
A2   E     } 
    add edi,$4;   {new times  Y1     X1     Y2     X2    A1    
A2   E     } 
    loop @label3; 
    finit; { initialize coprocessor empty stack } 
    popad; 
  end; 
end; 
 
 
 
 
 
 
 
procedure Butterworth3BandPassFilter; 
var 
  A,B,C,D,E : array[0..4] of double; 
  Work: array[0..4,0..4] of double; 







  
FL,Fs,FLN,FH,FHN,T,W1,W2,W,W02,LW02,Num,Den,Tmp,Tmp2,Atmp,S
cale1,TmpD,TmpC, 
    
P,Q,R,S,U,V,X,Y,Z,U1,Aa1,Aa2,Aa3,Aa4,A1,A2,A3,A4,Aa,Bb,Cc,G
ain,Re,Im,Re1,Im1, 
    Re2,Im2,Re3,Im3,Re4,Im4,Xr,Xi,X1r,X1i,X2r,X2i,Mag,Ph : 
double; 
  Mm,M,I,J,L,LL,LS : integer; 
begin 
//  Fc:=Exp(4.1*Ln(10)); 
//  SampleRate:=66666; 
  Fs:=SampleRate; 
  FL:=Fc*Exp(-Ln(2)/6); T:=1/Fs; FLN:=FL*T; { Fs:=100,000 } 
  FH:=Fc*Exp(Ln(2)/6); FHN:=FH*T; 
  W1:=Tan(Pi*FLN); 
  W2:=Tan(Pi*FHN); 
  W:=W2-W1; 
  W02:=W1*W2; 
  LW02:=Ln(W02); 
 
 { Odd, Single Pole Section } 
  I:=1; 
  D[4]:=0; D[3]:=0; D[2]:=0; D[1]:=0; D[0]:=1;    { num = 1 
+ 0,   buttap(3)} 
  C[4]:=0; C[3]:=0; C[2]:=0; C[1]:=1; C[0]:=1;    { den = 1 
+ s } 
  M:=I; 
//-SUBSTITUTION of (S^2+W02)/(W*S) BANDPASS, BANDSTOP 
 
  L:=2*M; 
  for I:=0 to L do for J:=0 to L do Work[I,J]:=0; 
  for LL:=0 to L do begin 
    Work[LL,0]:=0; 
    Work[LL,1]:=0; 
  end; 
  for MM:=0 to M do begin 
    Num:=Exp((M-MM)*Ln(W)); 
    TmpD:=D[MM]*Num; 
    TmpC:=C[MM]*Num; 
    for K:=0 to MM do begin 
      Tmp2:=Exp(K*LW02); 
      LS:=M+MM-2*K; 
      Tmp:=1; 
      for I:=MM downto 2 do Tmp:=Tmp*I; 
      for I:=K downto 2 do Tmp:=Tmp/I; 
      for I:=(MM-K) downto 2 do Tmp:=Tmp/I; 
      Work[LS,0]:=WORK[LS,0]+TmpD*Tmp2*Tmp; 
      Work[LS,1]:=WORK[LS,1]+TmpC*Tmp2*Tmp; 
    end; 
  end; 







 
 
  for LL:=0 to L do begin 
    D[LL]:=Work[LL,0]; 
    C[LL]:=Work[LL,1]; 
  end; 
//-SUBSTITUTE (Z-1)/(Z+1) 
  for J:=0 to L do begin 
    Work[0,J]:=1; 
  end; 
  Tmp:=1; 
//  L:=3; 
  for I:=1 to L do begin 
    Tmp:=Tmp*(L-I+1)/I; 
    Work[I,0]:=Tmp; 
  end; 
  for I:=1 to L do begin 
    for J:=1 to L do begin 
      Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
    end; 
  end; 
  for I:=L downto 0 do begin 
    B[I]:=0; 
    Atmp:=0; 
    for J:=0 to L do begin 
      B[I]:=B[I]+Work[I,J]*D[J]; 
      Atmp:=Atmp+Work[I,J]*C[J]; 
    end; 
    Scale1:=Atmp; 
    if I<>0 then A[I]:=Atmp; 
  end; 
  if Scale1=0 then Halt; 
  B[0]:=B[0]/Scale1; 
  for I:=1 to L do begin 
    B[I]:=B[I]/Scale1; 
    A[I]:=A[I]/Scale1; 
  end; 
  A[0]:=1; { always true; } 
  Ab[0]:=A[1]; 
  Ab[1]:=A[2]; 
  Ab[2]:=0; { B[1] } 
  Ab[3]:=-1;{ B[2] } 
  Gain:=B[0]; 
  {Quartic Section} 
  I:=2; 
  D[2]:=0;  D[1]:=0; D[0]:=1;   { num = 0   + 0 + 1 butterap(3) 
} 
  C[2]:=1;  C[1]:=1; C[0]:=1;   { den = s^2 + s + 1 } 
  M:=I; 
//-SUBSTITUTION of (S^2+W02)/(W*S) BANDPASS, BANDSTOP 
 







  L:=2*M; 
  for I:=0 to L do for J:=0 to L do Work[I,J]:=0; 
  for LL:=0 to L do begin 
    Work[LL,0]:=0; 
    Work[LL,1]:=0; 
  end; 
  for MM:=0 to M do begin 
    Num:=Exp((M-MM)*Ln(W)); 
    TmpD:=D[MM]*Num; 
    TmpC:=C[MM]*Num; 
    for K:=0 to MM do begin 
      Tmp2:=Exp(K*LW02); 
      LS:=M+MM-2*K; 
      Tmp:=1; 
      for I:=MM downto 2 do Tmp:=Tmp*I; 
      for I:=K downto 2 do Tmp:=Tmp/I; 
      for I:=(MM-K) downto 2 do Tmp:=Tmp/I; 
      Work[LS,0]:=WORK[LS,0]+TmpD*Tmp2*Tmp; 
      Work[LS,1]:=WORK[LS,1]+TmpC*Tmp2*Tmp; 
    end; 
  end; 
  for LL:=0 to L do begin 
    D[LL]:=Work[LL,0]; 
    C[LL]:=Work[LL,1]; 
  end; 
//-SUBSTITUTE (Z-1)/(Z+1) 
  for J:=0 to L do begin 
    Work[0,J]:=1; 
  end; 
  Tmp:=1; 
//  L:=3; 
  for I:=1 to L do begin 
    Tmp:=Tmp*(L-I+1)/I; 
    Work[I,0]:=Tmp; 
  end; 
  for I:=1 to L do begin 
    for J:=1 to L do begin 
      Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
    end; 
  end; 
  for I:=L downto 0 do begin 
    B[I]:=0; 
    Atmp:=0; 
    for J:=0 to L do begin 
      B[I]:=B[I]+Work[I,J]*D[J]; 
      Atmp:=Atmp+Work[I,J]*C[J]; 
    end; 
    Scale1:=Atmp; 
    if I<>0 then A[I]:=Atmp; 
  end; 
  if Scale1=0 then Halt; 
  B[0]:=B[0]/Scale1; 







  Gain:=Gain*B[0]; 
  for I:=1 to L do begin 
    B[I]:=B[I]/Scale1; 
    A[I]:=A[I]/Scale1; 
  end; 
  for I:=1 to L do begin 
    B[I]:=B[I]/B[0]; 
  end; 
  B[0]:=1; 
  A[0]:=1; { always true; } 
  Ab[4]:=A[1]; 
  Ab[5]:=A[2]; 
  Ab[6]:=A[3]; 
  Ab[7]:=A[4]; 
  Ab[8]:=B[1]; 
  Ab[9]:=B[2]; 
  Ab[10]:=B[3]; 
  Ab[11]:=B[4]; 
  Ab[12]:=Gain; 
 
 
  with Form1.Canvas do begin 
    Pen.color:=ClGreen; 
    for K:=1 to N do begin 
      Fo:=F1*K; 
      dsincos(-1*2*pi*Fo/Fs,Re1,Im1);{z^-1} 
      dsincos(-2*2*pi*Fo/Fs,Re2,Im2);{z^-2} 
      dsincos(-3*2*pi*Fo/Fs,Re3,Im3);{z^-3} 
      dsincos(-4*2*pi*Fo/Fs,Re4,Im4);{z^-4} 
      Re:=1+Ab[3]*Re2; { odd section } 
      Im:=  Ab[3]*Im2; 
      Xr:=1+Ab[0]*Re1+Ab[1]*Re2; 
      Xi:=  Ab[0]*Im1+Ab[1]*Im2; 
      ComplexDiv(Re,Im,Xr,Xi,X1r,X1i); { Odd section} 
      Re:=1+Ab[8]*Re1+Ab[9]*Re2+Ab[10]*Re3+Ab[11]*Re4;  { 
quartic section } 
      Im:=  Ab[8]*Im1+Ab[9]*Im2+Ab[10]*Im3+Ab[11]*Im4; 
      Xr:=1+Ab[4]*Re1+Ab[5]*Re2+Ab[6]*Re3+Ab[7]*Re4; 
      Xi:=  Ab[4]*Im1+Ab[5]*Im2+Ab[6]*Im3+Ab[7]*Im4; 
      ComplexDiv(Re,Im,Xr,Xi,X2r,X2i); { 2nd section} 
      ComplexMul(X1r,X1i,X2r,X2i,X1r,X1i); { 2+1 } 
 
      Polar(X1r,X1i,Mag,Ph); 
      Mag:=abs(Mag*Gain); 
      Mag:=20*Log10(Mag); 
      Xx:=Log10(K*F1); Yy:=Mag; Scale; 
 
      if K=1 then MoveTo(Xin,Yin) else LineTo(Xin,Yin); 
    end; 
  end; 
 







 
(* 
  RC2:=0.5*10e-3; 
  Dt:=1/SampleRate; 
  Alpha:=Dt/(RC2+Dt); 
  SizeS1Temp:=SizeS1; 
  asm 
    pushad;  {push 32 bit registers on 80386 and later } 
    fld qword ptr [Ab + 1*8];  {A2} 
    fld qword ptr [Ab + 0*8];  {A1} 
    fld qword ptr [Ab + 3*8];  {B2} 
    fld qword ptr [Ab + 2*8];  {B1} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp]; 
    xor edi,edi; 
  @label1:fxch st(3); 
    fmul st,st(5); 
    fxch st(2); 
    fmul st,st(7); 
    fsubp st(2),st; 
    fld st; 
    fmul st,st(4); 
    faddp st(2),st 
    fxch st(2); 
    fld st; 
    fmul st,st(6); 
    fsubp st(2),st; 
    fxch st(1); 
    fld dword ptr [eax+edi]; { load x0:=Sig[J] } 
    fadd st(1),st 
    fxch st(1) 
    fst dword ptr [ebx+edi]; { save y0:=Sig1[J]} 
    add edi,$4; 
    loop @label1 
    finit; { initialize coprocessor empty stack } 
    fld qword ptr [Ab + 4*8];  {A1} 
    fld qword ptr [Ab + 5*8];  {A2} 
    fld qword ptr [Ab + 6*8];  {A3} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig1]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];              { 0    1   2   3   4   
5   6   7 } 







    xor edi,edi;                       { Y4  Y3  Y2  Y1  A3  
A2  A1    } 
  @label2:fld qword ptr [Ab + 7*8];    { A4  Y4  Y3  Y2  Y1  
A3  A2  A1 } 
    fmulp st(1),st;                    {A4Y4 Y3  Y2  Y1  A3  
A2  A1     } 
    fld dword ptr [eax+edi];           { X0 A4Y4 Y3  Y2  Y1  
A3  A2  A1 } 
    fsubrp st(1),st;  {Y0:=X0-A4Y4}    {Y0   Y3  Y2  Y1  A3  
A2  A1     } 
    fxch st(3);                        {Y1   Y3  Y2  Y0  A3  
A2  A1     } 
    fld st;                            {Y1   Y1  Y3  Y2  Y0  
A3  A2  A1 } 
    fmul st,st(7);                     {A1Y1 Y1  Y3  Y2  Y0  
A3  A2  A1 } 
    fsubp st(4),st;  {Y0=Y0-A1Y1}      {Y1   Y3  Y2  Y0  A3  
A2  A1     } 
    fxch st(2);                        {Y2   Y3  Y1  Y0  A3  
A2  A1     } 
    fld st;                            {Y2   Y2  Y3  Y1  Y0  
A3  A2  A1 } 
    fmul st,st(6);                     {A2Y2 Y2  Y3  Y1  Y0  
A3  A2  A1 } 
    fsubp st(4),st;   {Y0:=Y0-A2Y2}    {Y2   Y3  Y1  Y0  A3  
A2  A1     } 
    fxch st(1);                        {Y3   Y2  Y1  Y0  A3  
A2  A1     } 
    fld st;                            {Y3   Y3  Y2  Y1  Y0  
A3  A2  A1 } 
    fmul st,st(5);                     {A3Y3 Y3  Y2  Y1  Y0  
A3  A2  A1 } 
    fsubp st(4),st;   {Y0:=Y0-A3Y3}    {Y3   Y2  Y1  Y0  A3  
A2  A1     } 
    fxch st(3);                        {Y0   Y2  Y1  Y3  A3  
A2  A1     } 
    fst dword ptr [ebx+edi]; { save y0} 
    fxch st(3);{shift sample time index Y4   Y3  Y2  Y1  A3  
A2  A1     } 
    add edi,$4; 
    loop @label2 
    finit; { initialize coprocessor empty stack } 
    fld dword ptr [Alpha];             {Alp                              
} 
    fldz;                              {  0 Alp                          
} 
    fld qword ptr [Ab + 8*8];          {  G   0 Alp                      
} 
    fldz;                              {  0   G   0 Alp                  
} 
    fldz;                              {  0   0   G   0 Alp              
} 







    fldz;                              {  0   0   0   G   0 
Alp          } 
    fldz;                              {  0   0   0   0   G   
0 Alp      } 
    mov eax,[Sig1]; 
    mov ebx,[Sig]; 
    mov ecx,[SizeS1Temp];              {  0   1   2   3   4   
5   6   7 } 
    xor edi,edi;                       { X4  X3  X2  X1   G   
E Alp     } 
  @label3:fxch st(3);                  { X1  X3  X2  X4   G   
E Alp     } 
    fxch st(2);                        { X2  X3  X1  X4   G   
E Alp     } 
    fsub st(3),st;                     { X2  X3  X1 X4-X2 G   
E Alp     } 
    fsub st(3),st;                     { X2  X3  X1 X4-2X2 G  
E Alp     } 
    fxch st(1);                        { X3  X2  X1 X4-2X2 G  
E Alp     } 
    fld dword ptr [eax+edi];           { X0  X3  X2  X1 X4-
2X2 G  E Alp } 
    fadd st(4),st;                     { X0  X3  X2  X1  Y0   
G   E Alp } 
    fxch st(4);                        { Y0  X3  X2  X1  X0   
G   E Alp } 
    fmul st,st(5)                      { Y0  X3  X2  X1  X0   
G   E Alp } 
    fstp dword ptr [ebx+edi];          { X3  X2  X1  X0   G   
E  Alp     } 
(* 
    fmul st,st;                        { Y2  X3  X2  X1  X0   
G   E Alp } 
    fsub st,st(6);                     {Y2-E X3  X2  X1  X0   
G   E Alp } 
    fmul st,st(7);                     {A(Y2-E) X3 X2 X1 X0   
G   E Alp } 
    faddp st(6),st;                    {X3 X2 X1 X0  G  
E=E+A(Y2-E) Alp } 
    fxch st(5);                        { E   X2  X1  X0   G   
X3  Alp   } 
    fst dword ptr [ebx+edi];           { E   X2  X1  X0   G   
X3  Alp     } 
    fxch st(5);                        { X3  X2  X1  X0   G   
E   Alp   } 
*) 
(*  //update index                       { X4  X3  X2  X1   G   
E   Alp   } 
    add edi,$4; 
    loop @label3; 
    finit; { initialize coprocessor empty stack } 
    popad; 







  end; 
*) 
(* 
  for J1:=0 to 1190 do begin 
    J:=Round(J1*(SizeS1-10)/1190); 
    Ts[J1,Jj]:=10*Log10(Sig1[J]); 
  end; 
  PlotNew:=False; 
  for J:=0 to SizeS1 do begin 
    J1:=J-10; 
    if J1>=0 then Sig[J1]:=Sqrt(Sig1[J]); 
  end; 
//  PressureTimePlot; 
  J1:=J; 
*) 
 
end; 
 
procedure Butterworth4BandPassFilterDesign; 
var 
  A,B,C,D,E : array[0..4] of double; 
  Work: array[0..4,0..4] of double; 
  
FL,Fs,FLN,FH,FHN,T,W1,W2,W,W02,LW02,Num,Den,Tmp,Tmp2,Atmp,S
cale1,TmpD,TmpC, 
    
P,Q,R,S,U,V,X,Y,Z,U1,Aa1,Aa2,Aa3,Aa4,A1,A2,A3,A4,Aa,Bb,Cc,G
ain,Gain1,Gain2,Re,Im, 
    
Re1,Im1,Re2,Im2,Re3,Im3,Re4,Im4,Xr,Xi,X1r,X1i,X2r,X2i,Mag,P
h : double; 
  Mm,M,I,J,L,LL,LS : integer; 
begin 
//  Fc:=Exp(4.1*Ln(10));//  SampleRate:=66666; 
  Fs:=SampleRate; 
  FL:=Fc*Exp(-Ln(2)/6); T:=1/Fs; FLN:=FL*T; { Fs:=100,000 } 
  FH:=Fc*Exp(Ln(2)/6); FHN:=FH*T; 
  W1:=Tan(Pi*FLN); 
  W2:=Tan(Pi*FHN); 
  W:=W2-W1; 
  W02:=W1*W2; 
  LW02:=Ln(W02); 
  Gain:=1; 
  for I:=0 to 4 do begin C[I]:=0; D[I]:=0 end; 
  {1st Quartic Section} 
  I:=2; 
  D[2]:=0;  D[1]:=0; D[0]:=1;   { num = 0   + 0 + 1 butterap(3) 
} 
  C[2]:=1;  C[1]:=2*sin(1*Pi/8); C[0]:=1;   { den = C[2]s^2 
+ C[1]s + 1 } 
  M:=I; 







//-SUBSTITUTION of (S^2+W02)/(W*S) BANDPASS, BANDSTOP 
  L:=2*M; 
  for I:=0 to L do for J:=0 to L do Work[I,J]:=0; 
  for LL:=0 to L do begin 
    Work[LL,0]:=0; 
    Work[LL,1]:=0; 
  end; 
  for MM:=0 to M do begin 
    Num:=Exp((M-MM)*Ln(W)); 
    TmpD:=D[MM]*Num; 
    TmpC:=C[MM]*Num; 
    for K:=0 to MM do begin 
      Tmp2:=Exp(K*LW02); 
      LS:=M+MM-2*K; 
      Tmp:=1; 
      for I:=MM downto 2 do Tmp:=Tmp*I; 
      for I:=K downto 2 do Tmp:=Tmp/I; 
      for I:=(MM-K) downto 2 do Tmp:=Tmp/I; 
      Work[LS,0]:=WORK[LS,0]+TmpD*Tmp2*Tmp; 
      Work[LS,1]:=WORK[LS,1]+TmpC*Tmp2*Tmp; 
    end; 
  end; 
  for LL:=0 to L do begin 
    D[LL]:=Work[LL,0]; 
    C[LL]:=Work[LL,1]; 
  end; 
//-SUBSTITUTE (Z-1)/(Z+1) 
  for J:=0 to L do begin 
    Work[0,J]:=1; 
  end; 
  Tmp:=1; 
//  L:=3; 
  for I:=1 to L do begin 
    Tmp:=Tmp*(L-I+1)/I; 
    Work[I,0]:=Tmp; 
  end; 
  for I:=1 to L do begin 
    for J:=1 to L do begin 
      Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
    end; 
  end; 
  for I:=L downto 0 do begin 
    B[I]:=0; 
    Atmp:=0; 
    for J:=0 to L do begin 
      B[I]:=B[I]+Work[I,J]*D[J]; 
      Atmp:=Atmp+Work[I,J]*C[J]; 
    end; 
    Scale1:=Atmp; 
    if I<>0 then A[I]:=Atmp; 
  end; 
  if Scale1=0 then Halt; 







  B[0]:=B[0]/Scale1; 
  Gain:=B[0]; 
  for I:=1 to L do begin 
    B[I]:=B[I]/Scale1; 
    A[I]:=A[I]/Scale1; 
  end; 
  for I:=1 to L do begin 
    B[I]:=B[I]/B[0]; 
  end; 
  B[0]:=1; 
  A[0]:=1; { always true; } 
  Ab[1]:=A[1]; 
  Ab[2]:=A[2]; 
  Ab[3]:=A[3]; 
  Ab[4]:=A[4]; 
  Ab[5]:=B[1]; 
  Ab[6]:=B[2]; 
  Ab[7]:=B[3]; 
  Ab[8]:=B[4]; 
 
  {2nd Quartic Section} 
  for I:=0 to 4 do begin C[I]:=0; D[I]:=0 end; 
  I:=2; 
  D[2]:=0;  D[1]:=0; D[0]:=1; 
  C[2]:=1;  C[1]:=2*sin(5*pi/8); C[0]:=1; 
  M:=I; 
//-SUBSTITUTION of (S^2+W02)/(W*S) BANDPASS, BANDSTOP 
  L:=2*M; 
  for I:=0 to L do for J:=0 to L do Work[I,J]:=0; 
  for LL:=0 to L do begin 
    Work[LL,0]:=0; 
    Work[LL,1]:=0; 
  end; 
  for MM:=0 to M do begin 
    Num:=Exp((M-MM)*Ln(W)); 
    TmpD:=D[MM]*Num; 
    TmpC:=C[MM]*Num; 
    for K:=0 to MM do begin 
      Tmp2:=Exp(K*LW02); 
      LS:=M+MM-2*K; 
      Tmp:=1; 
      for I:=MM downto 2 do Tmp:=Tmp*I; 
      for I:=K downto 2 do Tmp:=Tmp/I; 
      for I:=(MM-K) downto 2 do Tmp:=Tmp/I; 
      Work[LS,0]:=WORK[LS,0]+TmpD*Tmp2*Tmp; 
      Work[LS,1]:=WORK[LS,1]+TmpC*Tmp2*Tmp; 
    end; 
  end; 
  for LL:=0 to L do begin 
    D[LL]:=Work[LL,0]; 
    C[LL]:=Work[LL,1]; 







  end; 
//-SUBSTITUTE (Z-1)/(Z+1) 
  for J:=0 to L do begin 
    Work[0,J]:=1; 
  end; 
  Tmp:=1; 
//  L:=3; 
  for I:=1 to L do begin 
    Tmp:=Tmp*(L-I+1)/I; 
    Work[I,0]:=Tmp; 
  end; 
  for I:=1 to L do begin 
    for J:=1 to L do begin 
      Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
    end; 
  end; 
  for I:=L downto 0 do begin 
    B[I]:=0; 
    Atmp:=0; 
    for J:=0 to L do begin 
      B[I]:=B[I]+Work[I,J]*D[J]; 
      Atmp:=Atmp+Work[I,J]*C[J]; 
    end; 
    Scale1:=Atmp; 
    if I<>0 then A[I]:=Atmp; 
  end; 
  if Scale1=0 then Halt; 
  B[0]:=B[0]/Scale1; 
  Gain:=Gain*B[0]; 
  for I:=1 to L do begin 
    B[I]:=B[I]/Scale1; 
    A[I]:=A[I]/Scale1; 
  end; 
  for I:=1 to L do begin 
    B[I]:=B[I]/B[0]; 
  end; 
  B[0]:=1; 
  A[0]:=1; { always true; } 
  Ab[9]:=A[1]; 
  Ab[10]:=A[2]; 
  Ab[11]:=A[3]; 
  Ab[12]:=A[4]; 
  Ab[13]:=B[1]; 
  Ab[14]:=B[2]; 
  Ab[15]:=B[3]; 
  Ab[16]:=B[4]; 
 
  with Form1.Canvas do begin 
    Pen.color:=ClGreen; 
    Gain:=20*Log10(Gain); 
    for K:=1 to 10*N do begin 







      Fo:=F1*K/10; 
      dsincos(-1*2*pi*Fo/Fs,Re1,Im1);      {z^-1} 
      ComplexMul(Re1,Im1,Re1,Im1,Re2,Im2); {z^-2} 
      ComplexMul(Re1,Im1,Re2,Im2,Re3,Im3); {z^-3} 
      ComplexMul(Re1,Im1,Re3,Im3,Re4,Im4); {z^-4} 
      Re:=1+Ab[5]*Re1+Ab[6]*Re2+Ab[7]*Re3+Ab[8]*Re4; 
      Im:=  Ab[5]*Im1+Ab[6]*Im2+Ab[7]*Im3+Ab[8]*Im4; 
      Xr:=1+Ab[1]*Re1+Ab[2]*Re2+Ab[3]*Re3+Ab[4]*Re4; 
      Xi:=  Ab[1]*Im1+Ab[2]*Im2+Ab[3]*Im3+Ab[4]*Im4; 
      ComplexDiv(Re,Im,Xr,Xi,X1r,X1i); 
      Re:=1+Ab[13]*Re1+Ab[14]*Re2+Ab[15]*Re3+Ab[16]*Re4; { 
num 2nd quartic section } 
      Im:=  Ab[13]*Im1+Ab[14]*Im2+Ab[15]*Im3+Ab[16]*Im4; 
      Xr:=1+Ab[9]*Re1+Ab[10]*Re2+Ab[11]*Re3+Ab[12]*Re4;  { 
den } 
      Xi:=  Ab[9]*Im1+Ab[10]*Im2+Ab[11]*Im3+Ab[12]*Im4; 
      ComplexDiv(Re,Im,Xr,Xi,X2r,X2i); { 1st section} 
      ComplexMul(X1r,X1i,X2r,X2i,Xr,Xi); { 2+1 } 
      Mag:=Gain+10*Log10(Xr*Xr+Xi*Xi); {Polar(Xr,Xi,Mag,Ph); 
Mag:=abs(Mag*Gain); Mag:=20*Log10(Mag);} 
      Xx:=Log10(Fo); Yy:=Mag; Scale; 
      if K=1 then MoveTo(Xin,Yin) else LineTo(Xin,Yin); 
    end; 
  end; 
end; 
 
 
procedure ChebyshevIILowPassFilter; 
{ Magnitude = 1/Attn at Ws Rad/sec Attn=stopband attenuation 
parameter Lambda} 
var 
  A,B,C,D,E : array[0..4] of double; 
  Work: array[0..4,0..4] of double; 
  
Fa,Fp,FL,Fs,FLN,FH,FHN,T,W1,W2,W,W02,LW02,Num,Den,Tmp,Tmp2,
Atmp,Scale,TmpD,TmpC : double; 
  
Scln,Scld,Gam,Alpha,Beta,Ws,Sigma,Omega,Attn,P,Q,R,S,U,V,X,
Y,Z,U1,Aa1,Aa2,Aa3, 
    Aa4,A1,A2,A3,A4,Gain : double; 
  Mm,M,I,J,K,L,LL,LS,Lnn,Kk,K1 : integer; 
begin 
  Fs:=10000; 
  Fa:=1500; { attenuation stop band frequency begins } 
  Fp:=1000; { passband frequency } 
  Lnn:=2; 
  Ws:=Tan(Pi*Fa/Fs)/Tan(Pi*Fp/Fs); { Eqn 7.18 SB low edge of 
stopband >1 rad/sec } 
  L:=6; Kk:=L div 2;  { 1,2,3 } 
  Attn:=Sqrt(1+Exp(2*L*Ln(Ws))); 
  {  Attn:=14.90454631; Eq. 15} 







  {  Attn:=20*log10(Attn);} 
  FL:=1000; T:=1/Fs; FLN:=FL*T;  W1:=Tan(Pi*FLN); 
  (* 
    Fs:=44100; 
    Fa:=22500; { attenuation stop band frequency begins } 
    Fp:=11224; { passband frequency } 
    Lnn:=2; 
    Ws:=Tan(Pi*Fa/Fs)/Tan(Pi*Fp/Fs); { 7.18 SB low edge of 
stopband >1 rad/sec } 
    L:=6; Kk:=L div 2;  { 1,2,3 } 
    Kk:=1; 
    Attn:=Exp(70*Ln(10)/20); {15} 
    FL:=11224; T:=1/Fs; FLN:=FL*T;  W1:=Tan(Pi*FLN); 
  *) 
//  Kk:=3; 
  Gam:=Exp(Ln(Attn+Sqrt(Attn*Attn-1))/L); { 7.27 } 
  Gain:=1; 
  for K:=Kk downto 1 do begin 
    Alpha:=0.5*(1/Gam-Gam)*Sin(Pi*(2*K-1)/(2*L)); 
    Beta:=0.5*(1/Gam+Gam)*Cos(Pi*(2*K-1)/(2*L)); 
    Sigma:=Ws*Alpha/(Alpha*Alpha+Beta*Beta); 
    Omega:=-Ws*Beta/(Alpha*Alpha+Beta*Beta); 
    for LL:=0 to Lnn do begin 
      D[LL]:=0; 
      C[LL]:=0; 
    end; 
    Scln:=Sigma*Sigma+Omega*Omega; 
    Scld:=Sqr(Ws/Cos((Pi*(2*K-1)/(2*L)))); 
    D[0]:=Scln*Scld; 
    D[2]:=Scln; 
    C[0]:=D[0]; 
    C[1]:=-2*Sigma*Scld; 
    C[2]:=Scld; 
    M:=2; 
    Ll:=M; 
    for MM:=0 to M do begin 
      Den:=Exp(MM*Ln(W1)); 
      D[MM]:=D[MM]/Den; 
      C[MM]:=C[MM]/Den; 
    end; 
  //-SUBSTITUTE (Z-1)/(Z+1) 
    for J:=0 to Ll do begin 
      Work[0,J]:=1; 
    end; 
    Tmp:=1; 
    for I:=1 to Ll do begin 
      Tmp:=Tmp*(Ll-I+1)/I; 
      Work[I,0]:=Tmp; 
    end; 
    for I:=1 to Ll do begin 
      for J:=1 to Ll do begin 
        Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 







      end; 
    end; 
    for I:=Ll downto 0 do begin 
      B[I]:=0; 
      Atmp:=0; 
      for J:=0 to Ll do begin 
        B[I]:=B[I]+Work[I,J]*D[J]; 
        Atmp:=Atmp+Work[I,J]*C[J]; 
      end; 
      Scale:=Atmp; 
      if I<>0 then A[I]:=Atmp; 
    end; 
    if Scale=0 then Halt; 
    B[0]:=B[0]/Scale; 
    for I:=1 to Ll do begin 
      B[I]:=B[I]/Scale; 
      A[I]:=A[I]/Scale; 
    end; 
    A[0]:=1; { always true; } 
    K1:=2*(K-1); 
    Aa[K1]:=A[1]; 
    Aa[K1+1]:=A[2]; 
    Gain:=Gain*B[0]; 
  end; 
  Dt:=1/SampleRate; 
  SizeS1Temp:=SizeS1; 
  for J:=0 to SizeS1-6 do Sig[J]:=Gain*Sig1[J+6]; { remove 12 
sample time delay } 
  for J:=SizeS1-5 to SizeS1 do Sig[J]:=0; 
end; 
 
function Cosh1(X:double):double; { Inverse Hyperbolic Cosine 
} 
begin 
  Cosh1:=Ln(X+Sqrt(Sqr(X)-1)); 
end; 
 
procedure ChebyshevIIBandPassFilter; 
{ Magnitude = 1/Attn at Ws Rad/sec Attn=stopband attenuation 
parameter Lambda} 
var 
  A,B,C,D,E : array[0..4] of double; 
  Work: array[0..4,0..4] of double; 
  
F1,F2,F3,F4,Fa,Fp,FL,FL1,FH1,Fs,Fn,FLN,FH,FHN,T,W1,W2,W,W02
,LW02,Num,Den,Tmp,Tmp2,Atmp, 
    
TmpD,TmpC,Scln,Scld,Gam,Alpha,Beta,Ws,Sigma,Omega,Eta,Om,Om
1,Om2,Om3,Om4, 







    
Db,Lambda,Epsilon,Attn,P,Q,R,S,U,V,X,Y,Z,U1,Aa1,Aa2,Aa3,Aa4
,A1,A2,A3,A4,Gain, 
    
NetGain,Re1,Im1,Re2,Im2,Re3,Im3,Re4,Im4,Xr,Xi,X1r,X1i,X2r,X
2i,Mag,Ph, 
    Scale1 : double; 
  Mm,M,I,J,K,L,LL,LS,Lnn,Kk,K1,Ns : integer; 
begin 
//  Fc:=Exp(Ln(10)*4.1); { 12.6kHz } 
//  SampleRate:=66666; 
  Fs:=SampleRate; 
  Dt:=1/Fs; 
  F1:=1/(Nn*Dt); 
 
  FL:=Fc*Exp(-Ln(2)*7/6); T:=1/Fs;  { Fs:=100,000 } 
  FLN:=FL*T; 
  FH:=Fc*Exp(Ln(2)*7/6); 
  FHN:=FH*T; 
  FL1:=Fc*Exp(-Ln(2)*1/6); 
  FH1:=Fc*Exp(Ln(2)*1/6); 
  W1:=Tan(Pi*FLN); 
  W2:=Tan(Pi*FHN); 
  Fa:=Fh1/Fh; 
  Fa:=1/1.9156; 
  W1:=Tan(Pi*FL1*T)*Fa; 
  W2:=Tan(Pi*FH1*T)/Fa; 
  Fa:=1.985;{65dB} 
  Fa:=1.76; {60dB} 
  FL:=Fc*Exp(-Ln(2)/6)/Fa; 
  FH:=Fc*Exp(Ln(2)/6)*Fa; 
  W1:=Tan(Pi*FL*T); 
  W2:=Tan(Pi*FH*T); 
(* 
  F2:=Fc*Exp(-Ln(2)*1/6); 
  F1:=F2/Fa; 
  F3:=Fc*Exp(Ln(2)*1/6); 
  F4:=F3*Fa; 
  Om1:=tan(pi*F1/Fs); 
  Om2:=tan(pi*F2/Fs); 
  Om3:=tan(pi*F3/Fs); 
  Om4:=tan(pi*F4/Fs); 
  Omega:=abs((Om1*Om1+Om2*Om3)/(Om1*(Om3-Om2))); 
  Om:=abs((Om4*Om4+Om2*Om3)/(Om4*(Om3-Om2))); 
  if Omega>Om then Omega:=Om; 
*) 
  W:=W2-W1; 
  W02:=W1*W2; 
  LW02:=Ln(W02); 
  Gain:=1; 
  for Kk:=2 downto 1 do begin 







    L:=3; 
    Ws:=1; Db:=60{60,65}; Attn:=Exp(Ln(10)*Db/20); { 
Regulate stopband attenuation } 
    Gam:=Exp(Ln(Attn+Sqrt(Attn*Attn-1))/L); { 7.27 } 
    for LL:=0 to 4 do begin C[LL]:=0; D[LL]:=0 end; 
    Alpha:=0.5*(1/Gam-Gam)*Sin(Pi*(2*Kk-1)/(2*L)); 
    Beta:=0.5*(1/Gam+Gam)*Cos(Pi*(2*Kk-1)/(2*L)); 
    Sigma:=Ws*Alpha/(Alpha*Alpha+Beta*Beta); 
    Omega:=-Ws*Beta/(Alpha*Alpha+Beta*Beta); 
    if Kk<>2 then begin 
      Scln:=Sigma*Sigma+Omega*Omega; 
      Scld:=Sqr(Ws/Cos((Pi*(2*Kk-1)/(2*L)))); 
      D[0]:=Scln*Scld; 
      D[2]:=Scln; 
      C[0]:=D[0]; 
      C[1]:=-2*Sigma*Scld; 
      C[2]:=Scld; 
      TmpC:=C[2]; 
      for LL:=0 to 2 do begin C[LL]:=C[LL]/TmpC; 
D[LL]:=D[LL]/TmpC end; 
      Gain:=D[2]; 
      for LL:=0 to 2 do D[LL]:=D[LL]/Gain; 
    end else begin { odd section } 
      D[0]:=-Sigma; 
      C[0]:=D[0]; 
      C[1]:=1; 
      Gain:=Gain*D[0]; 
      D[0]:=1; 
    end; 
    {-SUBSTITUTION of (S^2+W02)/(W*S) BANDPASS, BANDSTOP} 
    if Kk=2 then M:=1 else M:=2; 
    L:=2*M; 
    for I:=0 to L do for J:=0 to L do Work[I,J]:=0; 
    for LL:=0 to L do begin 
      Work[LL,0]:=0; 
      Work[LL,1]:=0; 
    end; 
    for MM:=0 to M do begin 
      Num:=Exp((M-MM)*Ln(W)); 
      TmpD:=D[MM]*Num; 
      TmpC:=C[MM]*Num; 
      for K:=0 to MM do begin 
        Tmp2:=Exp(K*LW02); 
        LS:=M+MM-2*K; 
        Tmp:=1; 
        for I:=MM downto 2 do Tmp:=Tmp*I; 
        for I:=K downto 2 do Tmp:=Tmp/I; 
        for I:=(MM-K) downto 2 do Tmp:=Tmp/I; 
        Work[LS,0]:=WORK[LS,0]+TmpD*Tmp2*Tmp; 
        Work[LS,1]:=WORK[LS,1]+TmpC*Tmp2*Tmp; 
      end; 
    end; 







    for LL:=0 to L do begin 
      D[LL]:=Work[LL,0]; 
      C[LL]:=Work[LL,1]; 
    end; 
  //-SUBSTITUTE (Z-1)/(Z+1) 
    for J:=0 to L do begin 
      Work[0,J]:=1; 
    end; 
    Tmp:=1; 
  //  L:=3; 
    for I:=1 to L do begin 
      Tmp:=Tmp*(L-I+1)/I; 
      Work[I,0]:=Tmp; 
    end; 
    for I:=1 to L do begin 
      for J:=1 to L do begin 
        Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
      end; 
    end; 
    for I:=L downto 0 do begin 
      B[I]:=0; 
      Atmp:=0; 
      for J:=0 to L do begin 
        B[I]:=B[I]+Work[I,J]*D[J]; 
        Atmp:=Atmp+Work[I,J]*C[J]; 
      end; 
      Scale1:=Atmp; 
      if I<>0 then A[I]:=Atmp; 
    end; 
    if Kk=2 then begin 
      if Scale1=0 then Halt; 
      B[0]:=B[0]/Scale1; 
      for I:=1 to L do begin 
        B[I]:=B[I]/Scale1; 
        A[I]:=A[I]/Scale1; 
      end; 
      A[0]:=1; { always true; } 
      Ab[0]:=A[1]; 
      Ab[1]:=A[2]; 
      Ab[2]:=0; { B[1] } 
      Ab[3]:=-1;{ B[2] } 
      NetGain:=B[0]*Gain; 
    end else begin 
      if Scale1=0 then Halt; 
      B[0]:=B[0]/Scale1; 
      for I:=1 to L do begin 
        B[I]:=B[I]/Scale1; 
        A[I]:=A[I]/Scale1; 
      end; 
      NetGain:=NetGain*B[0]*Gain; 
      for I:=1 to L do begin 
        B[I]:=B[I]/B[0]; 







      end; 
      B[0]:=1; 
      A[0]:=1; { always true; } 
      Ab[4]:=A[1]; 
      Ab[5]:=A[2]; 
      Ab[6]:=A[3]; 
      Ab[7]:=A[4]; 
      Ab[8]:=B[1]; 
      Ab[9]:=B[2]; 
      Ab[10]:=B[3]; 
      Ab[11]:=B[4]; 
      Ab[12]:=NetGain; 
    end; 
  end; 
 
  with Form1.Canvas do begin 
    Pen.color:=ClBlue; 
    for K:=1 to N do begin 
      Fo:=F1*K; 
      dsincos(-1*2*pi*Fo/Fs,Re1,Im1);{z^-1} 
      dsincos(-2*2*pi*Fo/Fs,Re2,Im2);{z^-2} 
      dsincos(-3*2*pi*Fo/Fs,Re3,Im3);{z^-3} 
      dsincos(-4*2*pi*Fo/Fs,Re4,Im4);{z^-4} 
      Re:=1+Ab[3]*Re2; { odd section } 
      Im:=  Ab[3]*Im2; 
      Xr:=1+Ab[0]*Re1+Ab[1]*Re2; 
      Xi:=  Ab[0]*Im1+Ab[1]*Im2; 
      ComplexDiv(Re,Im,Xr,Xi,X1r,X1i); { Odd section} 
      Re:=1+Ab[8]*Re1+Ab[9]*Re2+Ab[10]*Re3+Ab[11]*Re4;  { 
quartic section } 
      Im:=  Ab[8]*Im1+Ab[9]*Im2+Ab[10]*Im3+Ab[11]*Im4; 
      Xr:=1+Ab[4]*Re1+Ab[5]*Re2+Ab[6]*Re3+Ab[7]*Re4; 
      Xi:=  Ab[4]*Im1+Ab[5]*Im2+Ab[6]*Im3+Ab[7]*Im4; 
      ComplexDiv(Re,Im,Xr,Xi,X2r,X2i); { 2nd section} 
      ComplexMul(X1r,X1i,X2r,X2i,X1r,X1i); { 2+1 } 
 
      Polar(X1r,X1i,Mag,Ph); 
      Mag:=abs(Mag*NetGain); 
      Mag:=20*Log10(Mag); 
      Xx:=Log10(K*F1); Yy:=Mag; 
      Scale; 
      if K=1 then MoveTo(Xin,Yin) else LineTo(Xin,Yin); 
    end; 
    Pen.color:=ClRed; 
    Xx:=Xmin; Yy:=-Db; Scale; 
    MoveTo(Xin,Yin); 
    Xx:=Xmax; Yy:=-Db; Scale; 
    LineTo(Xin,Yin); 
    Xx:=Log10(FL); Yy:=Ymin; Scale;  MoveTo(Xin,Yin); 
    Xx:=Log10(FL); Yy:=Ymax; Scale;  LineTo(Xin,Yin); 
    Xx:=Log10(FH); Yy:=Ymin; Scale;  MoveTo(Xin,Yin); 







    Xx:=Log10(FH); Yy:=Ymax; Scale;  LineTo(Xin,Yin); 
//    Xx:=Log10(2*Fc); Yy:=Ymin; Scale;  MoveTo(Xin,Yin); 
//    Xx:=Log10(2*Fc); Yy:=Ymax; Scale;  LineTo(Xin,Yin); 
//    Xx:=Log10(0.5*Fc); Yy:=Ymin; Scale;  MoveTo(Xin,Yin); 
//    Xx:=Log10(0.5*Fc); Yy:=Ymax; Scale;  LineTo(Xin,Yin); 
 
  end; 
 
 
(* 
  F1:=0.43*Fc;           { 5.41K} 
  F2:=Fc*Exp(-Ln(2)/6); {11.22K} 
  F3:=Fc*Exp(Ln(2)/6);  {14.13K} 
  F4:=2*Fc;              {25.18K} 
  Db:=60; { stopband attenuation } 
  Epsilon:=1; { 3db down power point } 
  Attn:=Exp(Ln(10)*Db/20); 
  Eta:=Sqrt(Epsilon/(Sqr(Attn)-1)); 
*) 
(* 
  Fs:=1; 
  Ns:=2; 
  F1:=0.05; 
  F2:=0.1; 
  F3:=0.2; 
  F4:=0.3; 
  Db:=40; 
 
  Om1:=tan(pi*F1/Fs); { wharped freq } 
  Om2:=tan(pi*F2/Fs); 
  Om3:=tan(pi*F3/Fs); 
  Om4:=tan(pi*F4/Fs); 
  Omega:=(Om1*Om1-Om3*Om2)/((Om3-Om2)*Om1); 
  Omega:=abs(Omega); 
  Om   :=(Om4* Om4-Om3*Om2)/((Om3-Om2)*Om4); 
  Om:=abs(Om); 
  if Om<Omega then Omega:=Om; 
  Lambda:=Exp(Ln(10)*Db/20); 
  Attn:=Lambda; 
  X:=Ln(Omega+Sqrt(Sqr(Omega)-1)); 
  X:=Exp(2*Ns*X); 
  X:=0.5*(X+1/X); 
  Epsilon:=Lambda/X; 
  L:=2*Ns; 
  Ws:=Epsilon; 
  Gam:=Exp(Ln(Attn+Sqrt(Attn*Attn-1))/L); 
  Alpha:=0.5*(1/Gam-Gam)*Sin((2*K-1)*Pi/(2*L)); 
  Beta:=0.5*(1/Gam+Gam)*Cos((2*K-1)*Pi/(2*L)); 
  Sigma:=(Ws*Alpha)/(Alpha*Alpha+Beta*Beta); 
  Omega:=-Ws*Beta/(Alpha*Alpha+Beta*Beta); 
  for LL:=0 to 4 do begin 







    D[LL]:=0; 
    C[LL]:=0; 
  end; 
*) 
(* 
  D[0]:=-Sigma; { odd section } 
  C[0]:=D[0]; 
  C[1]:=1; 
*) 
(* 
  Scln:=Sigma*Sigma+Omega*Omega; 
  Scld:=Sqr(Ws/Cos((2*K-1)*Pi/(2*L))); 
  D[0]:=Scln*Scld; 
  D[2]:=Scln; 
  C[0]:=D[0]; 
  C[1]:=-2*Sigma*Scld; 
  C[2]:=Scld; 
 
  Fa:=1500; { attenuation stop band frequency begins } 
  Fp:=1000; { passband frequency } 
  Lnn:=2; 
  Ws:=Tan(Pi*Fa/Fs)/Tan(Pi*Fp/Fs); { Eqn 7.18 SB low edge of 
stopband >1 rad/sec } 
  L:=6; Kk:=L div 2;  { 1,2,3 } 
  Attn:=Sqrt(1+Exp(2*L*Ln(Ws))); 
  {  Attn:=14.90454631; Eq. 15} 
  {  Attn:=20*log10(Attn);} 
  FL:=1000; T:=1/Fs; FLN:=FL*T;  W1:=Tan(Pi*FLN); 
*) 
  (* 
    Fs:=44100; 
    Fa:=22500; { attenuation stop band frequency begins } 
    Fp:=11224; { passband frequency } 
    Lnn:=2; 
    Ws:=Tan(Pi*Fa/Fs)/Tan(Pi*Fp/Fs); { 7.18 SB low edge of 
stopband >1 rad/sec } 
    L:=6; Kk:=L div 2;  { 1,2,3 } 
    Kk:=1; 
    Attn:=Exp(70*Ln(10)/20); {15} 
    FL:=11224; T:=1/Fs; FLN:=FL*T;  W1:=Tan(Pi*FLN); 
  *) 
//  Kk:=3; 
(* 
  Gam:=Exp(Ln(Attn+Sqrt(Attn*Attn-1))/L); { 7.27 } 
  Gain:=1; 
  for K:=Kk downto 1 do begin 
    Alpha:=0.5*(1/Gam-Gam)*Sin(Pi*(2*K-1)/(2*L)); 
    Beta:=0.5*(1/Gam+Gam)*Cos(Pi*(2*K-1)/(2*L)); 
    Sigma:=Ws*Alpha/(Alpha*Alpha+Beta*Beta); 
    Omega:=-Ws*Beta/(Alpha*Alpha+Beta*Beta); 
    for LL:=0 to Lnn do begin 







      D[LL]:=0; 
      C[LL]:=0; 
    end; 
    Scln:=Sigma*Sigma+Omega*Omega; 
    Scld:=Sqr(Ws/Cos((Pi*(2*K-1)/(2*L)))); 
    D[0]:=Scln*Scld; 
    D[2]:=Scln; 
    C[0]:=D[0]; 
    C[1]:=-2*Sigma*Scld; 
    C[2]:=Scld; 
    M:=2; 
    Ll:=M; 
    for MM:=0 to M do begin 
      Den:=Exp(MM*Ln(W1)); 
      D[MM]:=D[MM]/Den; 
      C[MM]:=C[MM]/Den; 
    end; 
  //-SUBSTITUTE (Z-1)/(Z+1) 
    for J:=0 to Ll do begin 
      Work[0,J]:=1; 
    end; 
    Tmp:=1; 
    for I:=1 to Ll do begin 
      Tmp:=Tmp*(Ll-I+1)/I; 
      Work[I,0]:=Tmp; 
    end; 
    for I:=1 to Ll do begin 
      for J:=1 to Ll do begin 
        Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
      end; 
    end; 
    for I:=Ll downto 0 do begin 
      B[I]:=0; 
      Atmp:=0; 
      for J:=0 to Ll do begin 
        B[I]:=B[I]+Work[I,J]*D[J]; 
        Atmp:=Atmp+Work[I,J]*C[J]; 
      end; 
      Scale:=Atmp; 
      if I<>0 then A[I]:=Atmp; 
    end; 
    if Scale=0 then Halt; 
    B[0]:=B[0]/Scale; 
    for I:=1 to Ll do begin 
      B[I]:=B[I]/Scale; 
      A[I]:=A[I]/Scale; 
    end; 
    A[0]:=1; { always true; } 
    K1:=2*(K-1); 
    Aa[K1]:=A[1]; 
    Aa[K1+1]:=A[2]; 
    Gain:=Gain*B[0]; 







  end; 
*) 
(* 
  Dt:=1/SampleRate; 
  SizeS1Temp:=SizeS1; 
  for J:=0 to SizeS1-6 do Sig[J]:=Gain*Sig1[J+6]; { remove 12 
sample time delay } 
  for J:=SizeS1-5 to SizeS1 do Sig[J]:=0; 
*) 
end; 
 
 
 
 
 
procedure SPFBLT; 
var 
  A,B,C,D,E : array[0..4] of double; 
  Work: array[0..4,0..4] of double; 
  
FL,Fs,FLN,FH,FHN,T,W1,W2,W,W02,LW02,Num,Den,Tmp,Tmp2,Atmp,S
cale,TmpD,TmpC : double; 
  
P,Q,R,S,U,V,X,Y,Z,U1,Aa1,Aa2,Aa3,Aa4,A1,A2,A3,A4,Aa,Bb,Cc,G
ain : double; 
  Mm,M,I,J,L,LL,LS : integer; 
begin 
//  LowPassFilter; 
  BandPassFilter; 
 
  Fs:=SampleRate; 
  FL:=Fc*Exp(-Ln(2)/6); T:=1/Fs; FLN:=FL*T; { Fs:=100,000 } 
  FH:=Fc*Exp(Ln(2)/6); FHN:=FH*T; 
  W1:=Tan(Pi*FLN); 
  W2:=Tan(Pi*FHN); 
  W:=W2-W1; 
  W02:=W1*W2; 
  LW02:=Ln(W02); 
 
  I:=1; 
  D[1]:=0; D[0]:=1; 
  C[1]:=1; C[0]:=1; 
  M:=I; 
//-SUBSTITUTION of (S^2+W02)/(W*S) BANDPASS, BANDSTOP 
 
  L:=2*M; 
  for I:=0 to L do for J:=0 to L do Work[I,J]:=0; 
  for LL:=0 to L do begin 
    Work[LL,0]:=0; 
    Work[LL,1]:=0; 
  end; 







  for MM:=0 to M do begin 
    Num:=Exp((M-MM)*Ln(W)); 
    TmpD:=D[MM]*Num; 
    TmpC:=C[MM]*Num; 
    for K:=0 to MM do begin 
      Tmp2:=Exp(K*LW02); 
      LS:=M+MM-2*K; 
      Tmp:=1; 
      for I:=MM downto 2 do Tmp:=Tmp*I; 
      for I:=K downto 2 do Tmp:=Tmp/I; 
      for I:=(MM-K) downto 2 do Tmp:=Tmp/I; 
      Work[LS,0]:=WORK[LS,0]+TmpD*Tmp2*Tmp; 
      Work[LS,1]:=WORK[LS,1]+TmpC*Tmp2*Tmp; 
    end; 
  end; 
  for LL:=0 to L do begin 
    D[LL]:=Work[LL,0]; 
    C[LL]:=Work[LL,1]; 
  end; 
//-SUBSTITUTE (Z-1)/(Z+1) 
  for J:=0 to L do begin 
    Work[0,J]:=1; 
  end; 
  Tmp:=1; 
//  L:=3; 
  for I:=1 to L do begin 
    Tmp:=Tmp*(L-I+1)/I; 
    Work[I,0]:=Tmp; 
  end; 
  for I:=1 to L do begin 
    for J:=1 to L do begin 
      Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
    end; 
  end; 
  for I:=L downto 0 do begin 
    B[I]:=0; 
    Atmp:=0; 
    for J:=0 to L do begin 
      B[I]:=B[I]+Work[I,J]*D[J]; 
      Atmp:=Atmp+Work[I,J]*C[J]; 
    end; 
    Scale:=Atmp; 
    if I<>0 then A[I]:=Atmp; 
  end; 
  if Scale=0 then Halt; 
  B[0]:=B[0]/Scale; 
  for I:=1 to L do begin 
    B[I]:=B[I]/Scale; 
    A[I]:=A[I]/Scale; 
  end; 
  A[0]:=1; { always true; } 
  Ab[0]:=A[1]; 







  Ab[1]:=A[2]; 
  Ab[2]:=0; 
  Ab[3]:=-1; 
 
  Gain:=B[0]; 
  {Quartic Section} 
  I:=2; 
  D[2]:=0;  D[1]:=0; D[0]:=1; 
  C[2]:=1;  C[1]:=1; C[0]:=1; 
  M:=I; 
//-SUBSTITUTION of (S^2+W02)/(W*S) BANDPASS, BANDSTOP 
 
  L:=2*M; 
  for I:=0 to L do for J:=0 to L do Work[I,J]:=0; 
  for LL:=0 to L do begin 
    Work[LL,0]:=0; 
    Work[LL,1]:=0; 
  end; 
  for MM:=0 to M do begin 
    Num:=Exp((M-MM)*Ln(W)); 
    TmpD:=D[MM]*Num; 
    TmpC:=C[MM]*Num; 
    for K:=0 to MM do begin 
      Tmp2:=Exp(K*LW02); 
      LS:=M+MM-2*K; 
      Tmp:=1; 
      for I:=MM downto 2 do Tmp:=Tmp*I; 
      for I:=K downto 2 do Tmp:=Tmp/I; 
      for I:=(MM-K) downto 2 do Tmp:=Tmp/I; 
      Work[LS,0]:=WORK[LS,0]+TmpD*Tmp2*Tmp; 
      Work[LS,1]:=WORK[LS,1]+TmpC*Tmp2*Tmp; 
    end; 
  end; 
  for LL:=0 to L do begin 
    D[LL]:=Work[LL,0]; 
    C[LL]:=Work[LL,1]; 
  end; 
//-SUBSTITUTE (Z-1)/(Z+1) 
  for J:=0 to L do begin 
    Work[0,J]:=1; 
  end; 
  Tmp:=1; 
//  L:=3; 
  for I:=1 to L do begin 
    Tmp:=Tmp*(L-I+1)/I; 
    Work[I,0]:=Tmp; 
  end; 
  for I:=1 to L do begin 
    for J:=1 to L do begin 
      Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
    end; 







  end; 
  for I:=L downto 0 do begin 
    B[I]:=0; 
    Atmp:=0; 
    for J:=0 to L do begin 
      B[I]:=B[I]+Work[I,J]*D[J]; 
      Atmp:=Atmp+Work[I,J]*C[J]; 
    end; 
    Scale:=Atmp; 
    if I<>0 then A[I]:=Atmp; 
  end; 
  if Scale=0 then Halt; 
  B[0]:=B[0]/Scale; 
  for I:=1 to L do begin 
    B[I]:=B[I]/Scale; 
    A[I]:=A[I]/Scale; 
  end; 
  A[0]:=1; { always true; } 
  Gain:=Gain*B[0]; 
  Ab[4]:=A[1]; 
  Ab[5]:=A[2]; 
  Ab[6]:=A[3]; 
  Ab[7]:=A[4]; 
  Ab[8]:=Gain; 
end; 
 
procedure TForm1.Filter13octaveband1Click(Sender: TObject); 
var 
  gain : double; 
begin 
//  Fmin:=SampleRate/(SizeS1+1); 
//  Fmax:=0.5*SampleRate; 
//  AWeightFilter; 
//  ChebyshevIILowPassFilter; 
 
//  LowPassFreq:=10000; 
//  LowPassFilter; 
 
  BandPassFreq:=1000; {794, 1000, 1260} 
  Fc:=BandPassFreq; 
  BandPassFilter; 
  PlotNew:=False; 
 
//  for J:=0 to SizeS1 do Sig[J]:=6894*RandG(0,1); 
//  for J:=0 to SizeS1 do Sig[J]:=6894*Sin(2*Pi*1000*Dt*J); 
  for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
  PressureTimePlot; 
(* 
  for Jj:=17 to 40 do begin 
    Fc:=Exp(Jj*Ln10_10); 
    RC2:=0.5*10e-3; 







    SampleRate:=100000; Fc:=50; 
    BandPassFilter; 
//    SpfBlt; 
    Dt:=1/SampleRate; 
    Alpha:=Dt/(RC2+Dt); 
    SizeS1Temp:=SizeS1; 
    asm 
      pushad;  {push 32 bit registers on 80386 and later } 
      fld qword ptr [Ab + 1*8];  {A2} 
      fld qword ptr [Ab + 0*8];  {A1} 
      fld qword ptr [Ab + 3*8];  {B2} 
      fld qword ptr [Ab + 2*8];  {B1} 
      fldz; 
      fldz; 
      fldz; 
      fldz; 
      mov eax,[Sig]; 
      mov ebx,[Sig1]; 
      mov ecx,[SizeS1Temp]; 
      xor edi,edi; 
    @label1:fxch st(3); 
      fmul st,st(5); 
      fxch st(2); 
      fmul st,st(7); 
      fsubp st(2),st; 
      fld st; 
      fmul st,st(4); 
      faddp st(2),st 
      fxch st(2); 
      fld st; 
      fmul st,st(6); 
      fsubp st(2),st; 
      fxch st(1); 
      fld dword ptr [eax+edi]; { load x0:=Sig[J] } 
      fadd st(1),st 
      fxch st(1) 
      fst dword ptr [ebx+edi]; { save y0:=Sig1[J]} 
      add edi,$4; 
      loop @label1 
      finit; { initialize coprocessor empty stack } 
      fld qword ptr [Ab + 4*8];  {A1} 
      fld qword ptr [Ab + 5*8];  {A2} 
      fld qword ptr [Ab + 6*8];  {A3} 
      fldz; 
      fldz; 
      fldz; 
      fldz; 
      mov eax,[Sig1]; 
      mov ebx,[Sig1]; 
      mov ecx,[SizeS1Temp];              { 0    1   2   3   4   
5   6   7 } 







      xor edi,edi;                       { Y4  Y3  Y2  Y1  A3  
A2  A1    } 
    @label2:fld qword ptr [Ab + 7*8];    { A4  Y4  Y3  Y2  Y1  
A3  A2  A1 } 
      fmulp st(1),st;                    {A4Y4 Y3  Y2  Y1  A3  
A2  A1     } 
      fld dword ptr [eax+edi];           { X0 A4Y4 Y3  Y2  Y1  
A3  A2  A1 } 
      fsubrp st(1),st;  {Y0:=X0-A4Y4}    {Y0   Y3  Y2  Y1  A3  
A2  A1     } 
      fxch st(3);                        {Y1   Y3  Y2  Y0  A3  
A2  A1     } 
      fld st;                            {Y1   Y1  Y3  Y2  Y0  
A3  A2  A1 } 
      fmul st,st(7);                     {A1Y1 Y1  Y3  Y2  Y0  
A3  A2  A1 } 
      fsubp st(4),st;  {Y0=Y0-A1Y1}      {Y1   Y3  Y2  Y0  A3  
A2  A1     } 
      fxch st(2);                        {Y2   Y3  Y1  Y0  A3  
A2  A1     } 
      fld st;                            {Y2   Y2  Y3  Y1  Y0  
A3  A2  A1 } 
      fmul st,st(6);                     {A2Y2 Y2  Y3  Y1  Y0  
A3  A2  A1 } 
      fsubp st(4),st;   {Y0:=Y0-A2Y2}    {Y2   Y3  Y1  Y0  A3  
A2  A1     } 
      fxch st(1);                        {Y3   Y2  Y1  Y0  A3  
A2  A1     } 
      fld st;                            {Y3   Y3  Y2  Y1  Y0  
A3  A2  A1 } 
      fmul st,st(5);                     {A3Y3 Y3  Y2  Y1  Y0  
A3  A2  A1 } 
      fsubp st(4),st;   {Y0:=Y0-A3Y3}    {Y3   Y2  Y1  Y0  A3  
A2  A1     } 
      fxch st(3);                        {Y0   Y2  Y1  Y3  A3  
A2  A1     } 
      fst dword ptr [ebx+edi]; { save y0} 
      fxch st(3);{shift sample time index Y4   Y3  Y2  Y1  A3  
A2  A1     } 
      add edi,$4; 
      loop @label2 
      finit; { initialize coprocessor empty stack } 
      fld dword ptr [Alpha];             {Alp                              
} 
      fldz;                              {  0 Alp                          
} 
      fld qword ptr [Ab + 8*8];          {  G   0 Alp                      
} 
      fldz;                              {  0   G   0 Alp                  
} 
      fldz;                              {  0   0   G   0 Alp              
} 







      fldz;                              {  0   0   0   G   0 
Alp          } 
      fldz;                              {  0   0   0   0   G   
0 Alp      } 
      mov eax,[Sig1]; 
      mov ebx,[Sig1]; 
      mov ecx,[SizeS1Temp];              {  0   1   2   3   4   
5   6   7 } 
      xor edi,edi;                       { X4  X3  X2  X1   G   
E Alp     } 
    @label3:fxch st(3);                  { X1  X3  X2  X4   G   
E Alp     } 
      fxch st(2);                        { X2  X3  X1  X4   G   
E Alp     } 
      fsub st(3),st;                     { X2  X3  X1 X4-X2 
G   E Alp     } 
      fsub st(3),st;                     { X2  X3  X1 X4-2X2 
G  E Alp     } 
      fxch st(1);                        { X3  X2  X1 X4-2X2 
G  E Alp     } 
      fld dword ptr [eax+edi];           { X0  X3  X2  X1 X4-
2X2 G  E Alp } 
      fadd st(4),st;                     { X0  X3  X2  X1  Y0   
G   E Alp } 
      fxch st(4);                        { Y0  X3  X2  X1  X0   
G   E Alp } 
      fmul st,st(5)                      { Y0  X3  X2  X1  X0   
G   E Alp } 
      fmul st,st;                        { Y2  X3  X2  X1  X0   
G   E Alp } 
      fsub st,st(6);                     {Y2-E X3  X2  X1  X0   
G   E Alp } 
      fmul st,st(7);                     {A(Y2-E) X3 X2 X1 X0   
G   E Alp } 
      faddp st(6),st;                    {X3 X2 X1 X0  G  
E=E+A(Y2-E) Alp } 
      fxch st(5);                        { E   X2  X1  X0   G   
X3  Alp   } 
      fst dword ptr [ebx+edi];           { E   X2  X1  X0   G   
X3  Alp     } 
      fxch st(5);                        { X3  X2  X1  X0   G   
E   Alp   } 
    //update index                       { X4  X3  X2  X1   G   
E   Alp   } 
      add edi,$4; 
      loop @label3; 
      finit; { initialize coprocessor empty stack } 
      popad; 
    end; 
    for J1:=0 to 1190 do begin 
      J:=Round(J1*(SizeS1-10)/1190); 
      Ts[J1,Jj]:=10*Log10(Sig1[J]); 







    end; 
  end; 
  PlotNew:=False; 
  Canvas.Pen.Color:=clRed; 
  for J:=0 to SizeS1 do begin 
    J1:=J-10; 
    if J1>=0 then Sig[J1]:=Sqrt(Sig1[J]); 
  end; 
  PressureTimePlot;  { Sig filtered in place } 
  J1:=J; 
*) 
end; 
 
 
procedure TForm1.Lowpassfilter1Click(Sender: TObject); 
var 
  Nf,M : integer; 
  
Ks,W,ReA,ImA,Re,Im,Eps,G,Cosh,Sinh,Sin1,Cos1,Con,Con1,Con2,
SigK,OmgK,Rip  : double; 
begin 
  New(Xr); New(Xi); New(X1r); New(X1i); 
  Fcut:=20000; 
  Pi2:=2*Pi; 
  N:=Nn div 2; 
  F1:=1/(Nn*Dt); 
  Fmax:=N*F1; 
{ 
  Ymax:=-1e6; 
  for J:=0 to Nn do begin 
    if Sig[J]>Ymax then begin 
      Ymax:=Sig[J]; 
      Jj:=J 
    end; 
  end; 
  Sig[Jj]:=0.5*Ymax; 
} 
{  Sig1[0]:=Sig[0]; 
  Sig1[1]:=Sig[1]; 
  Sig1[2]:=Sig[2]; 
  Sig1[SizeS1]:=Sig[SizeS1]; 
  Sig1[SizeS1-1]:=Sig[SizeS1-1]; 
  Sig1[SizeS1-2]:=Sig[SizeS1-2]; 
  for J:=3 to SizeS1-3 do 
    Sig1[J]:=Sig[J]+0.85355*(Sig[J-1]+Sig[J+1])+0.5*(Sig[J-
2]+Sig[J+2])+0.14645*(Sig[J-3]+Sig[J+3]); 
  for J:=0 to SizeS1 do Sig[J]:=Sig1[J]/4; 
} 
{  Sig1[0]:=Sig[0]; 
  Sig1[SizeS1]:=Sig[SizeS1]; 
  for J:=1 to SizeS1-1 do 







    Sig1[J]:=Sig[J]+0.5*(Sig[J-1]+Sig[J+1]); 
  for J:=0 to SizeS1 do Sig[J]:=Sig1[J]/2; 
} 
  J:=0; K:=1; 
  repeat 
    Xr^[K]:=Sig[J]; Inc(J); 
    Xi^[K]:=Sig[J]; Inc(J); 
    Inc(K); 
  until K>N; 
  ForwardFft(N,Dt,Xr,Xi); 
 
(* 
  { ellipap(9,0.5,65) } 
  Ks:=1.0887; 
  Fcut:=20250; { 65 dB down at 22.05kHz for 44.1kHz sampling 
rate} 
  Con2:=Ks*F1/Fcut; 
  Bb[1]:=3.7191998932217937e-003; 
  Bb[2]:=0; 
  Bb[3]:=3.5920550991831182e-002; 
  Bb[4]:=0; 
  Bb[5]:=1.1059331224760709e-001; 
  Bb[6]:=0; 
  Bb[7]:=1.3775361615888987e-001; 
  Bb[8]:=0; 
  Bb[9]:=6.0430432711238324e-002; 
  Bb[10]:=0; 
 
  Aa[1]:=1; 
  Aa[2]:=1.1341094199038360; 
  Aa[3]:=3.3776891589103242; 
  Aa[4]:=2.9632877593901910; 
  Aa[5]:=4.0288566923177456; 
  Aa[6]:=2.6106986108338490; 
  Aa[7]:=1.9703202674523799; 
  Aa[8]:=0.84290653937095239; 
  Aa[9]:=0.31854607441588390; 
  Aa[10]:=0.060430432711238324; 
  Jj:=1; 
  Nf:=9; 
  for J:=0 to N do begin 
    W:=Con2*J; 
    ReA:=Aa[10]; ImA:=0; 
    Re:=0; Im:=W; 
    for K:=Nf downto 1 do begin 
      ReA:=ReA+Aa[K]*Re; ImA:=ImA+Aa[K]*Im; 
      ComplexMul(0,W,Re,Im,Re,Im); 
    end; 
    ReC:=ReA; ImC:=ImA; 
    ReA:=Bb[9]; ImA:=0; 
    Re:=0; Im:=W; 







    for K:=Nf-1 downto 1 do begin 
      ReA:=ReA+Bb[K]*Re; ImA:=ImA+Bb[K]*Im; 
      ComplexMul(0,W,Re,Im,Re,Im); 
    end; 
    ComplexDiv(ReA,ImA,ReC,ImC,ReA,ImA); 
    X1r^[Jj]:=ReA; X1i^[Jj]:=ImA; 
    Inc(Jj); 
  end; 
*) 
 
 
  { [z,p,k] = ellipap(5,0.5,80) 
    b = k*poly(z) 
    a = poly(p) 
    w = [1 1.0548 2.5122] 
    h = 20*log10(abs(freqs(k*poly(z),poly(p),w))) } 
  Ks:=1.0548; 
  Fcut:=20150; { 70 dB down at 48kHz } 
  Con2:=Ks*F1/Fcut; 
  Aa[1]:=1; 
  Aa[2]:=1.16877570897868; 
  Aa[3]:=1.95669004837334; 
  Aa[4]:=1.33476041894928; 
  Aa[5]:=0.78724119574741; 
  Aa[6]:=0.19643029647600; 
 
  Bb[1]:=0.00128362019313; 
  Bb[2]:=0; 
  Bb[3]:=0.03518266996220; 
  Bb[4]:=0; 
  Bb[5]:=0.1964302964760; 
  Bb[6]:=0; 
  Jj:=1; 
  Nf:=5; 
  for J:=0 to N do begin 
    W:=Con2*J; 
    ReA:=Aa[6]; ImA:=0; 
    Re:=0; Im:=W; 
    for K:=Nf downto 1 do begin 
      ReA:=ReA+Aa[K]*Re; ImA:=ImA+Aa[K]*Im; 
      ComplexMul(0,W,Re,Im,Re,Im); 
    end; 
    ReC:=ReA; ImC:=ImA; 
    ReA:=Bb[5]; ImA:=0; 
    Re:=0; Im:=W; 
    for K:=Nf-1 downto 1 do begin 
      ReA:=ReA+Bb[K]*Re; ImA:=ImA+Bb[K]*Im; 
      ComplexMul(0,W,Re,Im,Re,Im); 
    end; 
    ComplexDiv(ReA,ImA,ReC,ImC,ReA,ImA); 
    X1r^[Jj]:=ReA; X1i^[Jj]:=ImA; 







    Inc(Jj); 
  end; 
 
 
{ Bessel } 
(* 
  Nf:=8; 
  for J:=0 to Nf do begin Aa[J]:=0; Bb[J]:=0; Cc[J]:=0 end; 
  Aa[0]:=1; 
  Bb[0]:=1; Bb[1]:=1; 
  M:=2; 
  for K:=2 to Nf do begin 
    for J:=0 to M do Cc[J]:=(2*M-1)*Bb[J]; 
    for J:=0 to M do Cc[J+2]:=Cc[J+2]+Aa[J]; 
    for J:=0 to M do begin Aa[J]:=Bb[J]; Bb[J]:=Cc[J] end; 
    M:=M+1; 
  end; 
 
  Ks:=2.70339506120292; { Order 6 } 
  Ks:=3.17961723751065; { Order 8 } 
  {W:=1*Ks;} 
  Con2:=Ks*F1/Fcut; 
  Jj:=1; 
  for J:=0 to N do begin 
    W:=Con2*J; 
    ReA:=Cc[0]; ImA:=0; 
    Re:=0; Im:=W; 
    for K:=1 to Nf do begin 
      ReA:=ReA+Cc[K]*Re; ImA:=ImA+Cc[K]*Im; 
      ComplexMul(0,W,Re,Im,Re,Im); 
    end; 
    ComplexDiv(Cc[0],0,ReA,ImA,ReA,ImA); 
    {polar2(ReA,ImA,Re,Im); Im:=20*log10(Re);} 
    X1r^[Jj]:=ReA; X1i^[Jj]:=ImA; 
    Inc(Jj); 
  end; 
*) 
(* 
 { Butterworth analog prototype order N low-pass } 
  {W:=1;} 
  Nf:=8; 
  M:=Nf div 2; 
  Con2:=F1/Fcut; 
  Jj:=1; 
  for J:=0 to N do begin 
    W:=Con2*J; 
    ReA:=1; ImA:=0; 
    for K:=1 to M do begin 
      Sin1:=Sin((2*K-1)*pi/(2*Nf)); 
      Re:=1-W*W; Im:=2*W*Sin1; 
      ComplexMul(Re,Im,ReA,ImA,ReA,ImA); 







    end; 
    ComplexDiv(1,0,ReA,ImA,ReA,ImA); 
    X1r^[Jj]:=ReA; X1i^[Jj]:=ImA; 
    Inc(Jj); 
  end; 
*) 
(* 
  { Chebyshev I analog prototype order N low-pass } 
  Ks:=1.023011;  { W:=1*Ks; } 
  Nf:=8; 
  Rip:=0.5; 
  Eps:=Sqrt(Exp(Ln(10)*Rip/10)-1);; 
  G:=Exp(Ln((1+Sqrt(1+Eps*Eps))/Eps)/Nf); 
  Con:=1/Sqrt(1+Eps*Eps); 
  Cosh:=0.5*(G+1/G); 
  Sinh:=0.5*(G-1/G); 
  M:=Nf div 2; 
  Jj:=1; 
  Con2:=Ks*F1/Fcut; 
  for J:=0 to N do begin 
    Con1:=Con;  {p. 142 Sterns David} 
    Con1:=1;    { agrees with Karl Buck } 
    W:=Con2*J; 
    ReA:=1; ImA:=0; 
    for K:=1 to M do begin 
      dsincos((2*K-1)*Pi/(2*Nf),Cos1,Sin1); 
      SigK:=-Sinh*Sin1; OmgK:=Cosh*Cos1; 
      ComplexMul(SigK,OmgK,SigK,-OmgK,Re,Im); 
Con1:=Con1*(SigK*SigK+OmgK*OmgK); 
      ComplexMul(-SigK,W-OmgK,-SigK,W+OmgK,Re,Im); 
      ComplexMul(Re,Im,ReA,ImA,ReA,ImA); 
    end; 
    ComplexDiv(Con1,0,ReA,ImA,ReA,ImA); 
    X1r^[Jj]:=ReA; X1i^[Jj]:=ImA; 
    Inc(Jj); 
  end; 
*) 
 
  for J:=1 to N+1 do begin 
    Temp:=X1r^[J]*Xr^[J]-X1i^[J]*Xi^[J]; 
    Xi^[J]:=X1i^[J]*Xr^[J]+X1r^[J]*Xi^[J]; 
    Xr^[J]:=Temp; 
  end; 
  Xi^[1]:=0; 
  Xi^[N+1]:=0; 
  InverseFft(N,Dt,Xr,Xi); 
  J:=0; K:=1; 
  repeat 
    Sig[J]:=Xr^[K]; Inc(J); 
    Sig[J]:=Xi^[K]; Inc(J); 
    Inc(K) 







  until K>N; 
  Canvas.Pen.Color:=clRed; 
  for J:=0 to N do begin 
    Xx:=(Tb+J*Dt)*1e3; Yy:=Sig[J]*1e-3; scale; 
    if J=0 then Canvas.MoveTo(Xin,Yin) else 
Canvas.LineTo(Xin,Yin); 
  end; 
 
  Dispose(Xr); Dispose(Xi); Dispose(X1r); Dispose(X1i); 
end; 
 
procedure TForm1.ReverbClick(Sender: TObject); 
begin 
  Asum:=0; 
  Th:=exp(-Dt/32e-3); 
  K:=0; 
  J1:=0; 
  for J:=SizeS1 downto 0 do begin 
    Asum:=Sqr(Sig[J])+Th*Asum; 
    if K mod 200 =0 then begin 
      Sig1[J1]:=10*Log10(Asum); 
      Inc(J1); 
    end; 
    Inc(K); 
  end; 
  SizeS1:=J1-1; 
  for J:=0 to SizeS1 do Sig[J]:=Sig1[SizeS1-J]; 
end; 
 
procedure TForm1.AwtFilterWaveform1Click(Sender: TObject); 
var 
  Flen,I,Nstart,Nstop,Nband,Im,Ip : integer; 
  Fmax,Tmax,Fo,Fm,Fp,Am,Ap,Ee,Em,Ep,Po,Tavg,Fr,Fr2: single; 
  Fname : string; 
begin 
  if (SizeS1<=SbufSize) and Not ImportOpen then begin 
    SizeS1New:=SizeS1; 
    Jb:=0; 
    Je:=SizeS1; 
    Nn:=SizeS1+1; 
    N:=Nn div 2; 
 {   N1:=N+1; } 
    F1:=1/(Nn*Dt); 
    New(Xr);  New(Xi); 
    for I:=1 to N+1 do begin 
      Xr^[I]:=0; 
      Xi^[I]:=0; 
    end; 
    J:=0; 
    for I:=1 to N do begin 
      Xr^[I]:=Sig[J]; Inc(J); 







      Xi^[I]:=Sig[J]; Inc(J); 
    end; 
    ForwardFft(N,Dt,Xr,Xi); 
    ACWeightSetup; 
    Fr:=0; 
    for I:=1 to N+1 do begin 
      AcWeight(Fr,ReA,ImA,ReC,ImC); 
      Temp:=ReA*Xr^[I]-ImA*Xi^[I]; 
      Xi^[I]:=ReA*Xi^[I]+ImA*Xr^[I]; 
      Xr^[I]:=Temp; 
(* 
      Fr2:=Sqrt(Fr); 
      if I<>1 then begin Xr^[I]:=Xr^[I]/Fr2; 
Xi^[I]:=Xi^[I]/Fr2 end; 
*) 
      Fr:=Fr+F1; 
    end; 
  {  Xi^[N+1]:=0;} 
    InverseFft(N,Dt,Xr,Xi); 
    J:=0; K:=1; 
    repeat 
      Sig[J]:=Xr^[K]; Inc(J); 
      Sig[J]:=Xi^[K]; Inc(J); 
      Inc(K) 
    until K>N; 
    Dispose(Xr);    Dispose(Xi);  {Dispose(Energy);} 
    FName:=ExtractFileName(OpenDialog1.Filename); 
    Flen:=pos('.',FName); 
    if Flen>0 then SetLength(FName,Flen-1); 
    Fname:=Fname+'_Awt.TXT'; 
    AssignFile(OutFText,Fname);      ReWrite(OutFText); 
    for I:=0 to SizeS1 do begin 
      TrimFloat(Sig[I],Dstr); 
      WriteLn(OutFText,Dstr); 
    end; 
    CloseFile(OutFText); 
  end; 
end; 
 
procedure TForm1.Highpassfilter1Click(Sender: TObject); 
var 
  Nf,M : integer; 
  
Ks,W,ReA,ImA,Re,Im,Eps,G,Cosh,Sinh,Sin1,Cos1,Con,Con1,Con2,
SigK,OmgK,Rip,Wcut,T  : double; 
begin 
  New(Xr); New(Xi); New(X1r); New(X1i); 
  Fcut:=50;{20, 3.1; } 
  Pi2:=2*Pi; 
  Wcut:=Pi2*Fcut;   { first order high pass filter } 
  Nn:=2*Nn; {XXX} 







  N:=Nn div 2; 
  F1:=1/(Nn*Dt); 
  Fmax:=N*F1; 
  J:=0; K:=1; 
  repeat 
    Xr^[K]:=Sig[J]; Inc(J); 
    Xi^[K]:=Sig[J]; Inc(J); 
    Inc(K); 
  until K>N; 
  ForwardFft(N,Dt,Xr,Xi); 
  Con2:=Pi2*F1; 
  Jj:=1; 
  for J:=0 to N do begin 
    W:=Con2*J; 
    ComplexDiv(0,W,Wcut,W,Re,Im); 
    X1r^[Jj]:=Re; X1i^[Jj]:=Im; 
    Inc(Jj); 
  end; 
 
 
 
  for J:=1 to N+1 do begin 
    Temp:=X1r^[J]*Xr^[J]-X1i^[J]*Xi^[J]; 
    Xi^[J]:=X1i^[J]*Xr^[J]+X1r^[J]*Xi^[J]; 
    Xr^[J]:=Temp; 
  end; 
  Xi^[1]:=0; 
  Xi^[N+1]:=0; 
  InverseFft(N,Dt,Xr,Xi); 
  J:=0; K:=1; 
  repeat 
    Sig[J]:=Xr^[K]; Inc(J); 
    Sig[J]:=Xi^[K]; Inc(J); 
    Inc(K) 
  until K>N; 
  Canvas.Pen.Color:=clRed; 
  for J:=0 to N do begin 
    Xx:=(Tb+J*Dt)*1e3; Yy:=Sig[J]*1e-3; scale; 
    if J=0 then Canvas.MoveTo(Xin,Yin) else 
Canvas.LineTo(Xin,Yin); 
  end; 
  Dispose(Xr); Dispose(Xi); Dispose(X1r); Dispose(X1i); 
end; 
 
procedure QuarticRoots(Aa,Bb,Cc,Dd,Ee : Double; var P,Q,R,S: 
double); 
var 
  
A,B,C,Ss,T,Aaa,Bbb,A0,A1,A2,A3,S0,S1,S2,U,V,W,X,Y,Z,Z1,Z2,Z
3,CosPhi,Phi : extended; 
begin 







(* 
  Aa:=1; {Cheby2(3,70,[8909 11225]/25000) 1/3 6pole Cheby2} 
  Bb:=-1.17650183953239; 
  Cc:=2.29893186092732; 
  Dd:=-1.14902394513935; 
  Ee:=0.95349757963182; 
*) 
 
  A0:=Ee; 
  A1:=Dd; 
  A2:=Cc; 
  A3:=Bb; 
  P:=-A2;  {A&S 3.8.3 reduced cubic y^3 + Py^2 + Qy + R = 0 
} 
  Q:=A1*A3-4*A0; 
  R:=-(A1*A1+A0*A3*A3-4*A0*A2);     
  A:=Q-P*P/3; { Burlington Handbook p. 367 } 
  B:=R-P*Q/3+2*P*P*P/27; 
  Ss:=B*B/4+A*A*A/27;  { if S<0 then three real unequal roots, 
use trigonometric solution } 
  if Ss<=0 then begin 
    CosPhi:=-B/2/Sqrt(-A*A*A/27); 
    Phi:=ArcCos(CosPhi); 
    X:=2*Sqrt(-A/3)*Cos(Phi/3); 
    Y:=X-P/3; 
    Z:=R+Y*(Q+Y*(P+Y));  { 0 if root } 
    Ss:=A3*A3/4+Y-A2; 
    T:=Y*Y/4-A0; 
    if (Ss>=0) and (T>=0) then begin 
      P:=A3/2-Sqrt(Ss); 
      Q:=Y/2-Sqrt(T); 
      R:=A3/2+Sqrt(Ss); 
      S:=Y/2+Sqrt(T); 
      P:=A3/2-Sqrt(Ss); 
      Q:=Y/2+Sqrt(T); 
      R:=A3/2+Sqrt(Ss); 
      S:=Y/2-Sqrt(T); 
    end; 
    X:=2*Sqrt(-A/3)*Cos((Phi+2*Pi)/3); 
    Y:=X-P/3; 
    Z:=R+Y*(Q+Y*(P+Y));  { 0 if root } 
    Ss:=A3*A3/4+Y-A2; 
    T:=Y*Y/4-A0; 
    if (Ss>=0) and (T>=0) then begin 
      P:=A3/2-Sqrt(Ss); 
      Q:=Y/2-Sqrt(T); 
      R:=A3/2+Sqrt(Ss); 
      S:=Y/2+Sqrt(T); 
    end; 
    X:=2*Sqrt(-A/3)*Cos((Phi+4*Pi)/3); 
    Y:=X-P/3; 







    Z:=R+Y*(Q+Y*(P+Y));  { 0 if root } 
    Ss:=A3*A3/4+Y-A2; 
    T:=Y*Y/4-A0; 
    if (Ss>=0) and (T>=0) then begin 
      P:=A3/2-Sqrt(Ss); 
      Q:=Y/2-Sqrt(T); 
      R:=A3/2+Sqrt(Ss); 
      S:=Y/2+Sqrt(T); 
    end; 
  end else begin { one real root and two conjugate imaginary 
roots} 
    Aaa:=Sqrt(Ss)-B/2; 
    if Aaa<0 then Aaa:=-Exp(Ln(abs(Aaa))/3) else 
Aaa:=Exp(Ln(abs(Aaa))/3); 
    Bbb:=-Sqrt(Ss)-B/2; 
    if Bbb<0 then Bbb:=-Exp(Ln(abs(Bbb))/3) else 
Bbb:=Exp(Ln(abs(Bbb))/3); 
    X:=Aaa+Bbb; 
    Y:=X-P/3; 
    Z:=R+Y*(Q+Y*(P+Y));  { 0 if root } 
    Ss:=A3*A3/4+Y-A2; 
    T:=Y*Y/4-A0; 
    if (Ss>=0) and (T>=0) then begin 
      P:=A3/2-Sqrt(Ss); 
      Q:=Y/2-Sqrt(T); 
      R:=A3/2+Sqrt(Ss); 
      S:=Y/2+Sqrt(T); 
    end; 
  end; 
end; 
 
 
procedure TForm1.Quartic1Click(Sender: TObject); 
var 
  
A,B,C,P,Q,R,S,T,Aa,Bb,Cc,Dd,Ee,A0,A1,A2,A3,S0,S1,S2,U,V,W,X
,Y,Z: double; 
  Z1,Z2,Z3,CosPhi,Phi:Double; 
begin 
(* 
  Aa:=1; {Cheby2(3,70,[8909 11225]/25000) 1/3 6pole Cheby2} 
  Bb:=-1.17650183953239; 
  Cc:=2.29893186092732; 
  Dd:=-1.14902394513935; 
  Ee:=0.95349757963182; 
*) 
  Aa:=1; 
  Bb:=Ab[1]; 
  Cc:=Ab[2]; 
  Dd:=Ab[3]; 
  Ee:=Ab[4]; 







 
 
  A0:=Ee; 
  A1:=Dd; 
  A2:=Cc; 
  A3:=Bb; 
  P:=-A2; 
  Q:=A1*A3-4*A0; 
  R:=-(A1*A1+A0*A3*A3-4*A0*A2); 
  A:=Q-P*P/3; 
  B:=R-P*Q/3+2*P*P*P/27; 
  S:=B*B/4+A*A*A/27;  { if S<0 then three real unequal roots, 
use trigonometric solution } 
  if S<=0 then begin 
    CosPhi:=-B/2/Sqrt(-A*A*A/27); 
    Phi:=ArcCos(CosPhi); 
    X:=2*Sqrt(-A/3)*Cos(Phi/3); 
    Y:=X-P/3; 
    Z:=R+Y*(Q+Y*(P+Y)); 
    S:=A3*A3/4+Y-A2; 
    T:=Y*Y/4-A0; 
    if (S>=0) and (T>=0) then begin 
      P:=A3/2-Sqrt(S); 
      Q:=Y/2-Sqrt(T); 
      R:=A3/2+Sqrt(S); 
      S:=Y/2+Sqrt(T); 
    end; 
    X:=2*Sqrt(-A/3)*Cos((Phi+2*Pi)/3); 
    Y:=X-P/3; 
    Z:=R+Y*(Q+Y*(P+Y)); 
    S:=A3*A3/4+Y-A2; 
    T:=Y*Y/4-A0; 
    if (S>=0) and (T>=0) then begin 
      P:=A3/2-Sqrt(S); 
      Q:=Y/2-Sqrt(T); 
      R:=A3/2+Sqrt(S); 
      S:=Y/2+Sqrt(T); 
    end; 
    X:=2*Sqrt(-A/3)*Cos((Phi+4*Pi)/3); 
    Y:=X-P/3; 
    Z:=R+Y*(Q+Y*(P+Y)); 
    S:=A3*A3/4+Y-A2; 
    T:=Y*Y/4-A0; 
    if (S>=0) and (T>=0) then begin 
      P:=A3/2-Sqrt(S); 
      Q:=Y/2-Sqrt(T); 
      R:=A3/2+Sqrt(S); 
      S:=Y/2+Sqrt(T); 
    end; 
  end; 
end; 







 
procedure TForm1.AwtFreqResponse1Click(Sender: TObject); 
var 
  Flen,I,Nstart,Nstop,Nband,Im,Ip,Nn : integer; 
  Tmax,Fo,Fm,Fp,Am,Ap,Ee,Em,Ep,Po,Tavg,Fr,Mag,Ph: single; 
  Fname : string; 
begin 
  Nn:=SizeS1; 
  N:=Nn div 2; 
  Dt:=1/SampleRate; 
  F1:=1/(Nn*Dt); 
  ACWeightSetup; 
  Fmin:=F1; Fmax:=0.5*SampleRate; 
  Ymax:=2; 
  Ymax:=20*Log10(Ymax); 
  Ymin:=-80; 
  Ymin:=-20; 
  Ystep:=StepSize((Ymax-Ymin)/30);  Ny:=5; 
  Xmin:=Log10(F1); Xmax:=Log10(Fmax); 
  St:='A WEIGHT FILTER RESPONSE'; 
  St1:='DB REF 20uPA'; 
  Yoffset:=0; 
  PlotLogAxes; 
  with Canvas do begin 
    AWeightFilter2; 
    Pen.Color:=clBlack; 
    Pen.Style:=psSolid; 
    for I:=1 to N do begin 
      Fr:=F1*I; 
      AcWeight(Fr,ReA,ImA,ReC,ImC); 
      Polar4(ReA,ImA,Mag,Ph); 
      Xx:=Log10(Fr); Yy:=20*Log10(Mag); Scale; 
      if I=1 then Canvas.MoveTo(Xin,Yin) else 
Canvas.LineTo(Xin,Yin) 
    end; 
 
    Pen.Color:=clBlack; 
    for I:=1 to 34 do begin 
      Xx:=0.1*(I+9);  Yy:=Atol[I]; Scale; 
      if I=1 then Canvas.MoveTo(Xin,Yin) else 
Canvas.LineTo(Xin,Yin) 
    end; 
 
    Pen.Color:=clGreen; 
    Pen.Style:=psDash; 
    for I:=1 to 34 do begin 
      Xx:=0.1*(I+9);  Yy:=Atol[I]-Atoln[I]; Scale; 
      if I=1 then Canvas.MoveTo(Xin,Yin) else 
Canvas.LineTo(Xin,Yin) 
    end; 
 







    for I:=1 to 34 do begin 
      Xx:=0.1*(I+9);  Yy:=Atol[I]+Atolx[I]; Scale; 
      if I=1 then Canvas.MoveTo(Xin,Yin) else 
Canvas.LineTo(Xin,Yin) 
    end; 
    Pen.Style:=psSolid; 
  end; 
(* 
  if (SizeS1<=SbufSize) and Not ImportOpen then begin 
    MenuSelection:=7; 
    for J:=0 to SizeS1 do Sig1[J]:=Sig[J]; { save original 
wave } 
    SizeS1New:=SizeS1; 
    Jb:=0; 
    Je:=SizeS1; 
    Nn:=SizeS1+1; 
    N:=Nn div 2; 
{    N1:=N+1;} 
    F1:=1/(Nn*Dt); 
    New(Xr);    New(Xi); New(Energy); 
    for I:=1 to N+1 do begin 
      Xr^[I]:=0; 
      Xi^[I]:=0; 
      Energy^[I]:=0; 
    end; 
    for J:=Jb to Je do begin 
      I:=1 + (J-Jb) div 2; 
      if not odd(J-Jb) then 
        Xr^[I]:=Sig[J] 
      else 
        Xi^[I]:=Sig[J]; 
    end; 
    ForwardFft(N,Dt,Xr,Xi); 
    Ymax:=-1e6; 
    RhoC:=407; 
    Po:=20e-6; 
    Tavg:=300e-3; 
    E0:=Po*Po*Tavg/RhoC; 
    F1:=1/(Nn*Dt);  Fmax:=0.5/Dt; 
    for I:=1 to N+1 do begin 
      Tmax:=2*F1*(Sqr(Xr^[I])+Sqr(Xi^[I]))/RhoC/E0; 
      Energy^[I]:=Tmax; 
      if Tmax>Ymax then Ymax:=Tmax; 
    end; 
    Energy^[1]:=0.5*Energy^[1]; 
    Energy^[N+1]:=0.5*Energy^[N+1]; 
    Nstart:=Trunc(10*Log10(F1)); 
    Nstart:=Nstart-5*0; 
    Nstop:=Nstart; 
    Ln10_10:=Ln(10)/10; 
    while Exp(Nstop*Ln10_10)<Fmax do Inc(Nstop); 
    Dec(Nstop); 







    Dec(Nstop); 
    for Nband:=Nstart to Nstop do begin 
      Fo:=exp(Nband*Ln10_10); 
      Fm:=exp((Nband-0.5)*Ln10_10); 
      Fp:=exp((Nband+0.5)*Ln10_10);{1/10 decade} 
      Im:=Trunc(Fm/F1)+1; 
      Ip:=Trunc(Fp/F1)+1; 
      if (Im*F1>=Fmax) or (Ip*F1>=Fmax) then 
        halt; 
      Am:=Energy^[Im]+(Fm/F1-Im+1)*(Energy^[Im+1]-
Energy^[Im]); 
      Ap:=Energy^[Ip]+(Fp/F1-Ip+1)*(Energy^[Ip+1]-
Energy^[Ip]); 
      if Ip=Im then 
        Ee:=0.5*(Am+Ap)*(Fp-Fm) 
      else if Ip=Im+1 then begin 
        Em:=0.5*(Am+Energy^[Im+1])*(Im*F1-Fm); 
        Ep:=0.5*(Ap+Energy^[Ip])*(Fp-(Ip-1)*F1); 
        Ee:=Em+Ep 
      end 
      else begin 
        Em:=0.5*(Am+Energy^[Im+1])*(Im*F1-Fm); 
        Ep:=0.5*(Ap+Energy^[Ip])*(Fp-(Ip-1)*F1); 
        Ee:=Em+Ep; 
        for I:=Im+1 to Ip-1 do 
          Ee:=Ee+0.5*(Energy^[I]+Energy^[I+1])*F1 
      end; 
      E3[Nband]:=Ee/F1; 
      if E3[Nband]>Ymax then Ymax:=E3[Nband]; 
    end; 
    Ymax:=10*Log10(Ymax)+0; 
    Ymin:=Ymax-60-60; 
    Ystep:=StepSize((Ymax-Ymin)/30);  Ny:=5; 
    Xmin:=Log10(F1); Xmax:=Log10(Fmax); 
    St:='1/3 OCT LEQ(300MS)'; 
    St1:='DB REF 20uPA'; 
    Yoffset:=0; 
    PlotLogAxes; 
    with Canvas do begin 
      Pen.Mode:=pmcopy; 
{      Pen.Color:=clSilver;} 
      Pen.Color:=clBlue; 
      Pen.Style:=psSolid; 
      I:=2; 
      Xx:=log10(F1); Tmax:=(Sqr(Xr^[I])+Sqr(Xi^[I])); 
Yy:=10*Log10(2*F1*Tmax/RhoC/E0); 
       Scale; MoveTo(Xin,Yin); 
      for I:=3 to N do begin 
        Xx:=log10(F1*(I-1)); 
Tmax:=(Sqr(Xr^[I])+Sqr(Xi^[I])); 
        Yy:=10*Log10(2*F1*Tmax/RhoC/E0); Scale; 
LineTo(Xin,Yin); 







      end; 
      Pen.Color:=clGreen; 
      Xx:=Nstart/10;  Yy:=10*Log10(E3[Nstart]); 
      Scale; MoveTo(Xin,Yin); 
      for Nband:=Nstart+1 to Nstop do begin 
        Xx:=Nband/10;  Yy:=10*Log10(E3[Nband]); Scale; 
LineTo(Xin,Yin); 
      end; 
    end; 
    Dispose(Xr);    Dispose(Xi);  Dispose(Energy); 
    FName:=ExtractFileName(OpenDialog1.Filename); 
    Flen:=pos('.',FName); 
    if Flen>0 then SetLength(FName,Flen-1); 
    Fname:=Fname+'.TOB'; 
    AssignFile(OutFText,Fname); 
    ReWrite(OutFText); 
    WriteLn(OutFText,'Leq300ms: steady 1/3 octave band sound 
pressure levels which when integrated'); 
    WriteLn(OutFText,'for 300 milliseconds have energies 
equal to that of the signal.'); 
    WriteLn(OutFText,'Freq(Hz)',Chr($9),'Leq(dB)'); 
    for Nband:=Nstart to Nstop do begin 
      Str(power(10,Nband/10):7:2,Dstr); 
      Str((10*Log10(E3[Nband])-0):8:2,Dstr1); 
      WriteLn(OutFText,Dstr,Chr($9),Dstr1); 
    end; 
    CloseFile(OutFText); 
  end; 
*) 
end; 
 
 
procedure PrependZeros(var N:integer); { put 20msec of zeros 
in front of Sig } 
begin 
  for J:=SizeS1Temp downto 0 do Sig[J+N]:=Sig[J]; 
  for J:=N-1 downto 0 do Sig[J]:=0; 
  SizeS1Temp:=SizeS1Temp+N; 
end; 
 
procedure AppendZeros(var N:integer); { append 20msec of 
zeros  Sig } 
begin 
  for J:=1 to N do Sig[J+SizeS1Temp]:=0; 
  SizeS1Temp:=SizeS1Temp+N; 
end; 
 
procedure TimeReverseA; 
begin 
  SizeS12:=SizeS1Temp div 2; 
  for J:=0 to SizeS12 do begin 







    J1:=SizeS1Temp-J; 
    Temp:=Sig[J]; Sig[J]:=Sig[J1]; Sig[J1]:=Temp 
  end; 
end; 
 
procedure TimeReverseB; 
begin 
  SizeS12:=SizeS1Temp div 2; 
  for J:=0 to SizeS12 do begin 
    J1:=SizeS1Temp-J; 
    Temp:=Sig1[J]; Sig1[J]:=Sig1[J1]; Sig1[J1]:=Temp 
  end; 
end; 
 
 
procedure Butterworth12LowPassDesign; 
var 
  A,B,C,D,E : array[0..4] of double; 
  Work: array[0..4,0..4] of double; 
  
FL,Fs,FLN,FH,FHN,Fn,T,W1,W2,W,W02,LW02,Num,Den,Tmp,Tmp2,Atm
p,Scale1,TmpD,TmpC : double; 
  
P,Q,R,S,U,V,X,Y,Z,U1,Aa1,Aa2,Aa3,Aa4,A1,A2,A3,A4,Gain,Re,Im
,Re1,Im1,Re2,Im2, 
    
Xr,Xi,X1r,X1i,X2r,X2i,Mag,Ph,Tmax,Fo,Fm,Fp,Am,Ap,Ee,Em,Ep,P
o,Tavg,Fr: double; 
  Mm,M,I,J,L,LL,LS,Kk,K1 : integer; 
  Flen,Nstart,Nstop,Nband,Ip,Nn : integer; {Im} 
  Fname : string; 
begin 
  Nn:=SizeS1; 
  N:=Nn div 2; 
  Fs:=SampleRate; 
  Fn:=Fs/2; 
  LowPassFreq:=0.36*Fn; { 12000 LowPassFreq:=0.36*Fn;  
LowPassFreq:=0.405*Fn;} 
  FL:=LowPassFreq; 
  T:=1/Fs; FLN:=FL*T;  W1:=Tan(Pi*FLN); 
  L:=12; Kk:=L div 2; 
  Gain:=1; 
  for K:=1 to Kk do begin 
    D[0]:=1; 
    C[0]:=1; 
    for I:=1 to 2 do begin 
      D[I]:=0; 
      C[I]:=0; 
    end; 
    Tmp:=K-(L+1)/2; 
    if Tmp=0 then 







      C[1]:=1 
    else begin 
      C[1]:=-2*Cos((2*K+L-1)*Pi/(2*L)); 
      C[2]:=1; 
    end; 
    M:=2; 
    Ll:=M; 
    for MM:=0 to M do begin 
      Den:=Exp(MM*Ln(W1)); 
      D[MM]:=D[MM]/Den; 
      C[MM]:=C[MM]/Den; 
    end; 
  //-SUBSTITUTE (Z-1)/(Z+1) 
    for J:=0 to Ll do begin 
      Work[0,J]:=1; 
    end; 
    Tmp:=1; 
    for I:=1 to Ll do begin 
      Tmp:=Tmp*(Ll-I+1)/I; 
      Work[I,0]:=Tmp; 
    end; 
    for I:=1 to Ll do begin 
      for J:=1 to Ll do begin 
        Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
      end; 
    end; 
    for I:=Ll downto 0 do begin 
      B[I]:=0; 
      Atmp:=0; 
      for J:=0 to Ll do begin 
        B[I]:=B[I]+Work[I,J]*D[J]; 
        Atmp:=Atmp+Work[I,J]*C[J]; 
      end; 
      Scale1:=Atmp; 
      if I<>0 then A[I]:=Atmp; 
    end; 
    if Scale1=0 then Halt; 
    B[0]:=B[0]/Scale1; 
    for I:=1 to Ll do begin 
      B[I]:=B[I]/Scale1; 
      A[I]:=A[I]/Scale1; 
    end; 
    A[0]:=1; { always true; } 
    K1:=2*(K-1); 
    Aa[K1]:=A[1]; 
    Aa[K1+1]:=A[2]; 
    Gain:=Gain*B[0]; 
  end; 
  Aa[K1+2]:=Gain; 
(* 
  Dt:=1/SampleRate; 
  SizeS1Temp:=SizeS1; 







  for J:=0 to SizeS1-6 do Sig[J]:=Gain*Sig1[J+6]; { remove 12 
sample time delay } 
  for J:=SizeS1-5 to SizeS1 do Sig[J]:=0; 
*) 
end; 
 
 
procedure TForm1.Butterworth12poleLP1Click(Sender: TObject); 
var 
  A,B,C,D,E : array[0..4] of double; 
  Work: array[0..4,0..4] of double; 
  
FL,Fs,FLN,FH,FHN,Fn,T,W1,W2,W,W02,LW02,Num,Den,Tmp,Tmp2,Atm
p,Scale1,TmpD,TmpC : double; 
  
P,Q,R,S,U,V,X,Y,Z,U1,Aa1,Aa2,Aa3,Aa4,A1,A2,A3,A4,Gain,Re,Im
,Re1,Im1,Re2,Im2, 
    
Xr,Xi,X1r,X1i,X2r,X2i,Mag,Ph,Tmax,Fo,Fm,Fp,Am,Ap,Ee,Em,Ep,P
o,Tavg,Fr: double; 
  Mm,M,I,J,L,LL,LS,Kk,K1 : integer; 
  Flen,Nstart,Nstop,Nband,Ip,Nn : integer; {Im} 
  Fname : string; 
begin 
  SampleRate:=50000; 
  Fn:=SampleRate/2; 
  LowPassFreq:=0.36*Fn; { 12000 LowPassFreq:=0.36*Fn;  
LowPassFreq:=0.405*Fn;} 
  Nn:=SizeS1; 
  N:=Nn div 2; 
  Fs:=SampleRate; 
  Dt:=1/Fs; 
  F1:=1/(Nn*Dt); 
  Fmax:=Fs/2; 
  Ymax:=1.5; 
  Ymax:=20*Log10(Ymax); 
  Ymin:=-70; {-65,-140,-30;} 
 
  Ystep:=StepSize((Ymax-Ymin)/30);  Ny:=5; 
  Xmin:=Log10(F1); Xmax:=Log10(Fmax); 
  Xmin:=Log10(2000); Xmax:=Log10(Fmax); 
 
  St:='12-POLE LOWPASS BUTTERWORTH RESPONSE'; 
  St1:='DB REF 20uPA'; 
  Yoffset:=0; 
  PlotLogAxes; 
 
  FL:=LowPassFreq; 
  T:=1/Fs; FLN:=FL*T;  W1:=Tan(Pi*FLN); 
  L:=12; Kk:=L div 2; 
(* 







  Fs:=10000; 
  FL:=1000; T:=1/Fs; FLN:=FL*T;  W1:=Tan(Pi*FLN); 
  L:=6; Kk:=L div 2; 
*) 
  Gain:=1; 
  for K:=1 to Kk do begin 
    D[0]:=1; 
    C[0]:=1; 
    for I:=1 to 2 do begin 
      D[I]:=0; 
      C[I]:=0; 
    end; 
    Tmp:=K-(L+1)/2; 
    if Tmp=0 then 
      C[1]:=1 
    else begin 
      C[1]:=-2*Cos((2*K+L-1)*Pi/(2*L)); 
      C[2]:=1; 
    end; 
    M:=2; 
    Ll:=M; 
    for MM:=0 to M do begin 
      Den:=Exp(MM*Ln(W1)); 
      D[MM]:=D[MM]/Den; 
      C[MM]:=C[MM]/Den; 
    end; 
  //-SUBSTITUTE (Z-1)/(Z+1) 
    for J:=0 to Ll do begin 
      Work[0,J]:=1; 
    end; 
    Tmp:=1; 
    for I:=1 to Ll do begin 
      Tmp:=Tmp*(Ll-I+1)/I; 
      Work[I,0]:=Tmp; 
    end; 
    for I:=1 to Ll do begin 
      for J:=1 to Ll do begin 
        Work[I,J]:=Work[I,J-1]-Work[I-1,J]-Work[I-1,J-1]; 
      end; 
    end; 
    for I:=Ll downto 0 do begin 
      B[I]:=0; 
      Atmp:=0; 
      for J:=0 to Ll do begin 
        B[I]:=B[I]+Work[I,J]*D[J]; 
        Atmp:=Atmp+Work[I,J]*C[J]; 
      end; 
      Scale1:=Atmp; 
      if I<>0 then A[I]:=Atmp; 
    end; 
    if Scale1=0 then Halt; 
    B[0]:=B[0]/Scale1; 







    for I:=1 to Ll do begin 
      B[I]:=B[I]/Scale1; 
      A[I]:=A[I]/Scale1; 
    end; 
    A[0]:=1; { always true; } 
    K1:=2*(K-1); 
    Aa[K1]:=A[1]; 
    Aa[K1+1]:=A[2]; 
    Gain:=Gain*B[0]; 
  end; 
 
  Dt:=1/SampleRate; 
  SizeS1Temp:=SizeS1; 
  for J:=0 to SizeS1-6 do Sig[J]:=Gain*Sig1[J+6]; { remove 12 
sample time delay } 
  for J:=SizeS1-5 to SizeS1 do Sig[J]:=0; 
 
(* 
  A[0]:=1; { always true; } 
  Ab[5]:=B[0]; 
  Ab[6]:=A[1]; 
  Gain:=Ka*Kc*Ab[0]*Ab[0]*Ab[3]*Ab[5]; 
  Ab[7]:=Ab[3]*Ab[5]; 
  Ab[8]:=Ab[4]+Ab[6]; 
  Ab[9]:=Ab[4]*Ab[6]; 
  I:=Trunc(10*Log10(Fmin))+1; 
  J:=Trunc(10*Log10(Fmax)); 
*) 
 
  with Form1.Canvas do begin 
    Pen.color:=ClFuchsia; 
    for K:=1 to N do begin 
      Fo:=F1*K; 
      dsincos(-2*pi*Fo/Fs,Re1,Im1);  {z^-1} 
      dsincos(-2*2*pi*Fo/Fs,Re2,Im2);{z^-2} 
      Re:=1+2*Re1+Re2; {B[1]=2, B[2]=1} 
      Im:=2*Im1+Im2; 
      Xr:=1+Aa[0]*Re1+Aa[1]*re2; 
      Xi:=Aa[0]*Im1+Aa[1]*Im2; 
      ComplexDiv(Re,Im,Xr,Xi,X1r,X1i); { 1st section} 
      Xr:=1+Aa[2]*Re1+Aa[3]*Re2; 
      Xi:=Aa[2]*Im1+Aa[3]*Im2; 
      ComplexDiv(Re,Im,Xr,Xi,X2r,X2i); { 2nd section} 
      ComplexMul(X1r,X1i,X2r,X2i,X1r,X1i); { 2+1 } 
      Xr:=1+Aa[4]*Re1+Aa[5]*Re2; 
      Xi:=Aa[4]*Im1+Aa[5]*Im2; 
      ComplexDiv(Re,Im,Xr,Xi,X2r,X2i); { 3rd section} 
      ComplexMul(X1r,X1i,X2r,X2i,X1r,X1i); { 3+2+1 } 
      Xr:=1+Aa[6]*Re1+Aa[7]*Re2; 
      Xi:=Aa[6]*Im1+Aa[7]*Im2; 
      ComplexDiv(Re,Im,Xr,Xi,X2r,X2i); { 4th section} 







      ComplexMul(X1r,X1i,X2r,X2i,X1r,X1i); { 4+3+2+1 } 
      Xr:=1+Aa[8]*Re1+Aa[9]*Re2; 
      Xi:=Aa[8]*Im1+Aa[9]*Im2; 
      ComplexDiv(Re,Im,Xr,Xi,X2r,X2i); { 5th section} 
      ComplexMul(X1r,X1i,X2r,X2i,X1r,X1i); { 5+4+3+2+1 } 
      Xr:=1+Aa[10]*Re1+Aa[11]*Re2; 
      Xi:=Aa[10]*Im1+Aa[11]*Im2; 
      ComplexDiv(Re,Im,Xr,Xi,X2r,X2i); { 6th section} 
      ComplexMul(X1r,X1i,X2r,X2i,X1r,X1i); { 6+5+4+3+2+1 } 
      Polar(X1r,X1i,Mag,Ph); 
      Mag:=abs(Mag*Gain); 
      Mag:=20*Log10(Mag); 
      Xx:=Log10(K*F1); Yy:=Mag; Scale; 
      if K=1 then MoveTo(Xin,Yin) else LineTo(Xin,Yin); 
    end; 
  end; 
  for I:=11 downto 8 do begin 
    Fc:=1000*Exp(Ln(2)*I/3); { Fc:=0.404*Fn; } 
    Butterworth4BandPassFilterDesign; 
    
QuarticRoots(1,Ab[1],Ab[2],Ab[3],Ab[4],Ac[0],Ac[1],Ac[2],Ac
[3]); 
    
QuarticRoots(1,Ab[9],Ab[10],Ab[11],Ab[12],Ac[5],Ac[6],Ac[7]
,Ac[8]); 
    Aa[0]:=Ac[0]+Ac[2]; 
    Aa[1]:=Ac[1]+Ac[3]+Ac[0]*Ac[2]; 
    Aa[2]:=Ac[0]*Ac[3]+Ac[1]*Ac[2]; 
    Aa[3]:=Ac[1]*Ac[3]; 
  end; 
  with Form1.Canvas do begin 
    Pen.color:=ClSilver; 
    Xx:=Log10(0.5*Fn); Yy:=Ymin; Scale; MoveTo(Xin,Yin); 
    Yy:=Ymax; Scale; LineTo(Xin,Yin); 
    Xx:=Log10(0.36*Fn); Yy:=Ymin; Scale; MoveTo(Xin,Yin); 
    Yy:=Ymax; Scale; LineTo(Xin,Yin); 
  end; 
(* 
  Butterworth3BandPassFilter; 
  ChebyshevIIBandPassFilter; 
  ChebyshevIILowPassFilter; 
  for K1:=17 to 40 do begin 
    Fc:=Exp(Ln10_10*K1); 
    Butterworth4BandPassFilterDesign; 
  end; 
*) 
end; 
 
procedure Butterworth12LowPassFilter; 
begin 
  asm 







    pushad;  {push 32 bit registers on 80386 and later } 
    fld qword ptr [Ab + 9*8];  {Gain} 
    fld qword ptr [Ab + 11*8];  {A12} 
    fld qword ptr [Ab + 10*8];  {A11} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];   {  0      1     2       3     4     
5    6    7} 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2    G     } 
@label1:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2    G     } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2    G     } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2    G     } 
    fsubp st(2),st;         { X1  X2-A2Y2   Y1     A1    A2    
G           } 
    fadd st(1),st           { X1  X1+X2-A2Y2 Y1    A1    A2    
G           } 
    fadd st(1),st           { X1 2*X1+X2-A2Y2 Y1   A1    A2    
G           } 
    fxch st(2);             { Y1 2*X1+X2-A2Y2 X1   A1    A2    
G           } 
    fld st;                 { Y1    Y1 2*X1+X2-A2Y2 X1   A1    
A2    G     } 
    fmul st,st(4);          {A1Y1   Y1 2*X1+X2-A2Y2 X1   A1    
A2    G     } 
    fsubp st(2),st          {Y1 2*X1+X2-A2Y2-A1Y1   X1   A1    
A2    G     } 
    fxch st(1);             { Yy     Y1     X1     A1    A2    
G           } 
    fld dword ptr [eax+edi];{ Xo     Yy     Y1     X1    A1    
A2    G     } 
    fadd st(1),st;     {B0=1  Xo  Yo=Xo+Yy  Y1     X1    A1    
A2    G     } 
    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2    G     } 
    fld st;                 { Yo     Yo     Xo     Y1    X1    
A1    A2   G} 
    fmul st,st(7);          { G*Yo   Yo     Xo     Y1    X1    
A1    A2   G} 
    fstp dword ptr [eax+edi];{Yo     Xo     Y1     X1    A1    
A2    G     } 
    add edi,$4; 
    loop @label1; 
    finit; { initialize coprocessor empty stack } 
    fld qword ptr [Ab + 13*8];  {A22} 







    fld qword ptr [Ab + 12*8];  {A21} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];   {  0      1     2       3     4     
5  } 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2  } 
@label2:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2  } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2  } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2  } 
    fsubp st(2),st;         { X1  X2-A2Y2   Y1     A1    A2        
} 
    fadd st(1),st           { X1  X2+X1-A2Y2 Y1    A1    A2        
} 
    fadd st(1),st           { X1 X2+2*X1-A2Y2 Y1   A1    A2        
} 
    fxch st(2);             { Y1 X2+2*X1-A2Y2 X1   A1    A2        
} 
    fld st;                 { Y1    Y1 X2+2*X1-A2Y2 X1   A1    
A2  } 
    fmul st,st(4);          {A1Y1   Y1 X2+2*X1-A2Y2 X1   A1    
A2  } 
    fsubp st(2),st          {Y1 X2+2*X1-A2Y2-A1Y1   X1   A1    
A2  } 
    fxch st(1);             { Yy     Y1     X1     A1    A2        
} 
    fld dword ptr [eax+edi];{ Xo     Yy     Y1     X1    A1    
A2  } 
    fadd st(1),st;     {B0=1  Xo  Yo=Xo+Yy  Y1     X1    A1    
A2  } 
    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2  } 
    fst dword ptr [eax+edi];{ Y1     X1     Y2     X2    A1    
A2  } 
    add edi,$4; 
    loop @label2; 
    finit; { initialize coprocessor empty stack } 
    fld qword ptr [Ab + 15*8];  {A32} 
    fld qword ptr [Ab + 14*8];  {A31} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 







    mov ecx,[SizeS1Temp];   {  0      1     2       3     4     
5  } 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2  } 
@label3:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2  } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2  } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2  } 
    fsubp st(2),st;         { X1  X2-A2Y2   Y1     A1    A2        
} 
    fadd st(1),st;          { X1  X2+X1-A2Y2 Y1    A1    A2        
} 
    fadd st(1),st;          { X1 X2+2*X1-A2Y2 Y1   A1    A2        
} 
    fxch st(2);             { Y1 X2=2*X1-A2Y2 X1   A1    A2        
} 
    fld st;                 { Y1    Y1 X2+2*X1-A2Y2 X1   A1    
A2  } 
    fmul st,st(4);          {A1Y1   Y1 X2+2*X1-A2Y2 X1   A1    
A2  } 
    fsubp st(2),st;         {Y1 X2+2*X1-A2Y2-A1Y1   X1   A1    
A2  } 
    fxch st(1);             { Yy     Y1     X1     A1    A2        
} 
    fld dword ptr [eax+edi];{ Xo     Yy     Y1     X1    A1    
A2  } 
    fadd st(1),st;     {B0=1  Xo  Yo=Xo+Yy  Y1     X1    A1    
A2  } 
    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2  } 
    fst dword ptr [eax+edi];{ Y1     X1     Y2     X2    A1    
A2  } 
    add edi,$4; 
    loop @label3; 
    finit; { initialize coprocessor empty stack } 
    fld qword ptr [Ab + 17*8];  {A32} 
    fld qword ptr [Ab + 16*8];  {A31} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];   {  0      1     2       3     4     
5  } 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2  } 
@label4:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2  } 







    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2  } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2  } 
    fsubp st(2),st;         { X1  X2-A2Y2   Y1     A1    A2        
} 
    fadd st(1),st;          { X1  X2+X1-A2Y2 Y1    A1    A2        
} 
    fadd st(1),st;          { X1 X2+2*X1-A2Y2 Y1   A1    A2        
} 
    fxch st(2);             { Y1 X2=2*X1-A2Y2 X1   A1    A2        
} 
    fld st;                 { Y1    Y1 X2+2*X1-A2Y2 X1   A1    
A2  } 
    fmul st,st(4);          {A1Y1   Y1 X2+2*X1-A2Y2 X1   A1    
A2  } 
    fsubp st(2),st;         {Y1 X2+2*X1-A2Y2-A1Y1   X1   A1    
A2  } 
    fxch st(1);             { Yy     Y1     X1     A1    A2        
} 
    fld dword ptr [eax+edi];{ Xo     Yy     Y1     X1    A1    
A2  } 
    fadd st(1),st;     {B0=1  Xo  Yo=Xo+Yy  Y1     X1    A1    
A2  } 
    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2  } 
    fst dword ptr [eax+edi];{ Y1     X1     Y2     X2    A1    
A2  } 
    add edi,$4; 
    loop @label4; 
    finit; { initialize coprocessor empty stack } 
    fld qword ptr [Ab + 19*8];  {A32} 
    fld qword ptr [Ab + 18*8];  {A31} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];   {  0      1     2       3     4     
5  } 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2  } 
@label5:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2  } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2  } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2  } 
    fsubp st(2),st;         { X1  X2-A2Y2   Y1     A1    A2        
} 







    fadd st(1),st;          { X1  X2+X1-A2Y2 Y1    A1    A2        
} 
    fadd st(1),st;          { X1 X2+2*X1-A2Y2 Y1   A1    A2        
} 
    fxch st(2);             { Y1 X2=2*X1-A2Y2 X1   A1    A2        
} 
    fld st;                 { Y1    Y1 X2+2*X1-A2Y2 X1   A1    
A2  } 
    fmul st,st(4);          {A1Y1   Y1 X2+2*X1-A2Y2 X1   A1    
A2  } 
    fsubp st(2),st;         {Y1 X2+2*X1-A2Y2-A1Y1   X1   A1    
A2  } 
    fxch st(1);             { Yy     Y1     X1     A1    A2        
} 
    fld dword ptr [eax+edi];{ Xo     Yy     Y1     X1    A1    
A2  } 
    fadd st(1),st;     {B0=1  Xo  Yo=Xo+Yy  Y1     X1    A1    
A2  } 
    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2  } 
    fst dword ptr [eax+edi];{ Y1     X1     Y2     X2    A1    
A2  } 
    add edi,$4; 
    loop @label5; 
    finit; { initialize coprocessor empty stack } 
    fld qword ptr [Ab + 21*8];  {A32} 
    fld qword ptr [Ab + 20*8];  {A31} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];   {  0      1     2       3     4     
5  } 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2  } 
@label6:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2  } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2  } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2  } 
    fsubp st(2),st;         { X1  X2-A2Y2   Y1     A1    A2        
} 
    fadd st(1),st;          { X1  X2+X1-A2Y2 Y1    A1    A2        
} 
    fadd st(1),st;          { X1 X2+2*X1-A2Y2 Y1   A1    A2        
} 
    fxch st(2);             { Y1 X2=2*X1-A2Y2 X1   A1    A2        
} 







    fld st;                 { Y1    Y1 X2+2*X1-A2Y2 X1   A1    
A2  } 
    fmul st,st(4);          {A1Y1   Y1 X2+2*X1-A2Y2 X1   A1    
A2  } 
    fsubp st(2),st;         {Y1 X2+2*X1-A2Y2-A1Y1   X1   A1    
A2  } 
    fxch st(1);             { Yy     Y1     X1     A1    A2        
} 
    fld dword ptr [eax+edi];{ Xo     Yy     Y1     X1    A1    
A2  } 
    fadd st(1),st;     {B0=1  Xo  Yo=Xo+Yy  Y1     X1    A1    
A2  } 
    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2  } 
    fst dword ptr [eax+edi];{ Y1     X1     Y2     X2    A1    
A2  } 
    add edi,$4; 
    loop @label6; 
    finit; { initialize coprocessor empty stack } 
    popad; 
  end; 
end; 
 
procedure Butterworth4BandPassFilter; 
begin 
  asm 
    pushad;  {push 32 bit registers on 80386 and later } 
    fld qword ptr [Ab + 0*8];  {Gain} 
    fld qword ptr [Ab + 2*8];  {A12} 
    fld qword ptr [Ab + 1*8];  {A11} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];   {  0      1     2       3     4     
5    6    7} 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2    G     } 
@label1:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2    G     } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2    G     } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2    G     } 
    fsubp st(2),st;         { X1  X2-A2Y2   Y1     A1    A2    
G           } 
    fadd st(1),st           { X1  X1+X2-A2Y2 Y1    A1    A2    
G           } 







    fadd st(1),st           { X1 2*X1+X2-A2Y2 Y1   A1    A2    
G           } 
    fxch st(2);             { Y1 2*X1+X2-A2Y2 X1   A1    A2    
G           } 
    fld st;                 { Y1    Y1 2*X1+X2-A2Y2 X1   A1    
A2    G     } 
    fmul st,st(4);          {A1Y1   Y1 2*X1+X2-A2Y2 X1   A1    
A2    G     } 
    fsubp st(2),st          {Y1 2*X1+X2-A2Y2-A1Y1   X1   A1    
A2    G     } 
    fxch st(1);             { Yy     Y1     X1     A1    A2    
G           } 
    fld dword ptr [eax+edi];{ Xo     Yy     Y1     X1    A1    
A2    G     } 
    fadd st(1),st;     {B0=1  Xo  Yo=Xo+Yy  Y1     X1    A1    
A2    G     } 
    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2    G     } 
    fld st;                 { Yo     Yo     Xo     Y1    X1    
A1    A2   G} 
    fmul st,st(7);          { G*Yo   Yo     Xo     Y1    X1    
A1    A2   G} 
    fstp dword ptr [ebx+edi];{Yo     Xo     Y1     X1    A1    
A2    G     } 
    add edi,$4; 
    loop @label1; 
    finit; { initialize coprocessor empty stack } 
    fld qword ptr [Ab + 4*8];  {A22} 
    fld qword ptr [Ab + 3*8];  {A21} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];   {  0      1     2       3     4     
5  } 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2  } 
@label2:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2  } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2  } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2  } 
    fsubp st(2),st;         { X1  X2-A2Y2   Y1     A1    A2        
} 
    fsub st(1),st           { X1  X2-X1-A2Y2 Y1    A1    A2        
} 
    fsub st(1),st           { X1 X2-2*X1-A2Y2 Y1   A1    A2        
} 







    fxch st(2);             { Y1 X2-2*X1-A2Y2 X1   A1    A2        
} 
    fld st;                 { Y1    Y1 X2-2*X1-A2Y2 X1   A1    
A2  } 
    fmul st,st(4);          {A1Y1   Y1 X2-2*X1-A2Y2 X1   A1    
A2  } 
    fsubp st(2),st          {Y1 X2-2*X1-A2Y2-A1Y1   X1   A1    
A2  } 
    fxch st(1);             { Yy     Y1     X1     A1    A2        
} 
    fld dword ptr [ebx+edi];{ Xo     Yy     Y1     X1    A1    
A2  } 
    fadd st(1),st;     {B0=1  Xo  Yo=Xo+Yy  Y1     X1    A1    
A2  } 
    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2  } 
    fst dword ptr [ebx+edi];{ Y1     X1     Y2     X2    A1    
A2  } 
    add edi,$4; 
    loop @label2; 
    finit; { initialize coprocessor empty stack } 
    fld qword ptr [Ab + 6*8];  {A32} 
    fld qword ptr [Ab + 5*8];  {A31} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];   {  0      1     2       3     4     
5  } 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2  } 
@label3:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2  } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2  } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2  } 
    fsubp st(2),st;         { X1  X2-A2Y2   Y1     A1    A2        
} 
    fsub st(1),st;          { X1  X2-X1-A2Y2 Y1    A1    A2        
} 
    fsub st(1),st;          { X1 X2-2*X1-A2Y2 Y1   A1    A2        
} 
    fxch st(2);             { Y1 X2-2*X1-A2Y2 X1   A1    A2        
} 
    fld st;                 { Y1    Y1 X2-2*X1-A2Y2 X1   A1    
A2  } 
    fmul st,st(4);          {A1Y1   Y1 X2-2*X1-A2Y2 X1   A1    
A2  } 







    fsubp st(2),st;         {Y1 X2-2*X1-A2Y2-A1Y1   X1   A1    
A2  } 
    fxch st(1);             { Yy     Y1     X1     A1    A2        
} 
    fld dword ptr [ebx+edi];{ Xo     Yy     Y1     X1    A1    
A2  } 
    fadd st(1),st;     {B0=1  Xo  Yo=Xo+Yy  Y1     X1    A1    
A2  } 
    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2  } 
    fst dword ptr [ebx+edi];{ Y1     X1     Y2     X2    A1    
A2  } 
    add edi,$4; 
    loop @label3; 
    finit; { initialize coprocessor empty stack } 
    fld dword ptr [Alpha]; 
    fldz; 
    fld qword ptr [Ab + 8*8];  {A42} 
    fld qword ptr [Ab + 7*8];  {A41} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];   {  0      1     2       3     4     
5    } 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2    } 
@label4:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2    } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2    } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2    } 
    fsubp st(2),st;         { X1  X2-A2Y2   Y1     A1    A2          
} 
    fadd st(1),st;          { X1  X1+X2-A2Y2 Y1    A1    A2          
} 
    fadd st(1),st;          { X1 2*X1+X2-A2Y2 Y1   A1    A2          
} 
    fxch st(2);             { Y1 2*X1+X2-A2Y2 X1   A1    A2          
} 
    fld st;                 { Y1    Y1 2*X1+X2-A2Y2 X1   A1    
A2    } 
    fmul st,st(4);          {A1Y1   Y1 2*X1+X2-A2Y2 X1   A1    
A2    } 
    fsubp st(2),st;         {Y1 2*X1+X2-A2Y2-A1Y1   X1   A1    
A2    } 
    fxch st(1);             { Yy     Y1     X1     A1    A2          
} 







    fld dword ptr [ebx+edi];{ Xo     Yy     Y1     X1    A1    
A2    } 
    fadd st(1),st;     {B0=1  Xo     Yo     Y1     X1    A1    
A2    } 
    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2    } 
    fst dword ptr [ebx+edi];{ Yo     Xo     Y1     X1    A1    
A2    } 
    add edi,$4;             { Y1     X1     Y2     X2    A1    
A2     } 
    loop @label4; 
    finit; { initialize coprocessor empty stack } 
    popad; 
  end; 
end; 
 
procedure Butterworth4BandPassFilterE; 
begin 
  asm 
    pushad;  {push 32 bit registers on 80386 and later } 
    fld qword ptr [Ab + 0*8];  {Gain} 
    fld qword ptr [Ab + 2*8];  {A12} 
    fld qword ptr [Ab + 1*8];  {A11} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];   {  0      1     2       3     4     
5    6    7} 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2    G     } 
@label1:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2    G     } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2    G     } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2    G     } 
    fsubp st(2),st;         { X1  X2-A2Y2   Y1     A1    A2    
G           } 
    fadd st(1),st           { X1  X1+X2-A2Y2 Y1    A1    A2    
G           } 
    fadd st(1),st           { X1 2*X1+X2-A2Y2 Y1   A1    A2    
G           } 
    fxch st(2);             { Y1 2*X1+X2-A2Y2 X1   A1    A2    
G           } 
    fld st;                 { Y1    Y1 2*X1+X2-A2Y2 X1   A1    
A2    G     } 
    fmul st,st(4);          {A1Y1   Y1 2*X1+X2-A2Y2 X1   A1    
A2    G     } 







    fsubp st(2),st          {Y1 2*X1+X2-A2Y2-A1Y1   X1   A1    
A2    G     } 
    fxch st(1);             { Yy     Y1     X1     A1    A2    
G           } 
    fld dword ptr [eax+edi];{ Xo     Yy     Y1     X1    A1    
A2    G     } 
    fadd st(1),st;     {B0=1  Xo  Yo=Xo+Yy  Y1     X1    A1    
A2    G     } 
    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2    G     } 
    fld st;                 { Yo     Yo     Xo     Y1    X1    
A1    A2   G} 
    fmul st,st(7);          { G*Yo   Yo     Xo     Y1    X1    
A1    A2   G} 
    fstp dword ptr [ebx+edi];{Yo     Xo     Y1     X1    A1    
A2    G     } 
    add edi,$4; 
    loop @label1; 
    finit; { initialize coprocessor empty stack } 
    fld qword ptr [Ab + 4*8];  {A22} 
    fld qword ptr [Ab + 3*8];  {A21} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];   {  0      1     2       3     4     
5  } 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2  } 
@label2:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2  } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2  } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2  } 
    fsubp st(2),st;         { X1  X2-A2Y2   Y1     A1    A2        
} 
    fsub st(1),st           { X1  X2-X1-A2Y2 Y1    A1    A2        
} 
    fsub st(1),st           { X1 X2-2*X1-A2Y2 Y1   A1    A2        
} 
    fxch st(2);             { Y1 X2-2*X1-A2Y2 X1   A1    A2        
} 
    fld st;                 { Y1    Y1 X2-2*X1-A2Y2 X1   A1    
A2  } 
    fmul st,st(4);          {A1Y1   Y1 X2-2*X1-A2Y2 X1   A1    
A2  } 
    fsubp st(2),st          {Y1 X2-2*X1-A2Y2-A1Y1   X1   A1    
A2  } 







    fxch st(1);             { Yy     Y1     X1     A1    A2        
} 
    fld dword ptr [ebx+edi];{ Xo     Yy     Y1     X1    A1    
A2  } 
    fadd st(1),st;     {B0=1  Xo  Yo=Xo+Yy  Y1     X1    A1    
A2  } 
    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2  } 
    fst dword ptr [ebx+edi];{ Y1     X1     Y2     X2    A1    
A2  } 
    add edi,$4; 
    loop @label2; 
    finit; { initialize coprocessor empty stack } 
    fld qword ptr [Ab + 6*8];  {A32} 
    fld qword ptr [Ab + 5*8];  {A31} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];   {  0      1     2       3     4     
5  } 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2  } 
@label3:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2  } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2  } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2  } 
    fsubp st(2),st;         { X1  X2-A2Y2   Y1     A1    A2        
} 
    fsub st(1),st;          { X1  X2-X1-A2Y2 Y1    A1    A2        
} 
    fsub st(1),st;          { X1 X2-2*X1-A2Y2 Y1   A1    A2        
} 
    fxch st(2);             { Y1 X2-2*X1-A2Y2 X1   A1    A2        
} 
    fld st;                 { Y1    Y1 X2-2*X1-A2Y2 X1   A1    
A2  } 
    fmul st,st(4);          {A1Y1   Y1 X2-2*X1-A2Y2 X1   A1    
A2  } 
    fsubp st(2),st;         {Y1 X2-2*X1-A2Y2-A1Y1   X1   A1    
A2  } 
    fxch st(1);             { Yy     Y1     X1     A1    A2        
} 
    fld dword ptr [ebx+edi];{ Xo     Yy     Y1     X1    A1    
A2  } 
    fadd st(1),st;     {B0=1  Xo  Yo=Xo+Yy  Y1     X1    A1    
A2  } 







    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2  } 
    fst dword ptr [ebx+edi];{ Y1     X1     Y2     X2    A1    
A2  } 
    add edi,$4; 
    loop @label3; 
    finit; { initialize coprocessor empty stack } 
    fld dword ptr [Alpha]; 
    fldz; 
    fld qword ptr [Ab + 8*8];  {A42} 
    fld qword ptr [Ab + 7*8];  {A41} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig]; 
    mov ebx,[Sig1]; 
    mov ecx,[SizeS1Temp];   {  0      1     2       3     4     
5    6    7} 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2    E   Alp} 
@label4:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2    E   Alp} 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2    E   Alp} 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2    E   Alp} 
    fsubp st(2),st;         { X1  X2-A2Y2   Y1     A1    A2    
E   Alp      } 
    fadd st(1),st;          { X1  X1+X2-A2Y2 Y1    A1    A2    
E   Alp      } 
    fadd st(1),st;          { X1 2*X1+X2-A2Y2 Y1   A1    A2    
E   Alp      } 
    fxch st(2);             { Y1 2*X1+X2-A2Y2 X1   A1    A2    
E   Alp      } 
    fld st;                 { Y1    Y1 2*X1+X2-A2Y2 X1   A1    
A2    E   Alp} 
    fmul st,st(4);          {A1Y1   Y1 2*X1+X2-A2Y2 X1   A1    
A2    E   Alp} 
    fsubp st(2),st;         {Y1 2*X1+X2-A2Y2-A1Y1   X1   A1    
A2    E   Alp} 
    fxch st(1);             { Yy     Y1     X1     A1    A2    
E   Alp      } 
    fld dword ptr [ebx+edi];{ Xo     Yy     Y1     X1    A1    
A2    E   Alp} 
    faddp st(1),st;   {B0=1   Yo     Y1     X1    A1    A2    
E    Alp      } 
    fld st;                 { Yo     Yo     Y1    X1    A1    
A2    E    Alp} 
    fmul st,st;             { Yo2    Yo     Y1    X1    A1    
A2    E    Alp} 







    fsub st,st(6);          {Yo2-E   Yo     Y1    X1    A1    
A2    E    Alp} 
    fmul st,st(7);          {A*(Yo2-E) Yo   Y1    X1    A1    
A2    E    Alp} 
    faddp st(6),st;         { Yo     Y1     X1    A1    A2 
E+A*(Yo2-E) Alp  } 
    fld dword ptr [ebx+edi];{ Xo     Yo     Y1    X1    A1    
A2    E    Alp} 
    fxch st(6);             { E      Yo     Y1    X1    A1    
A2    Xo   Alp} 
    fst dword ptr [ebx+edi];{ E      Yo     Y1    X1    A1    
A2    Xo   Alp} 
    fxch st(6);             { Xo     Yo     Y1    X1    A1    
A2    E    Alp} 
    fxch st(1);             { Yo     Xo     Y1    X1    A1    
A2    E    Alp} 
    add edi,$4;             { Y1     X1     Y2    X2    A1    
A2    E    Alp} 
    loop @label4; 
    finit; { initialize coprocessor empty stack } 
    popad; 
  end; 
end; 
 
procedure Butterworth4BandPassFilterE2; 
begin 
  asm 
    pushad;  {push 32 bit registers on 80386 and later } 
    fld qword ptr [Ab + 0*8];  {Gain} 
    fld qword ptr [Ab + 2*8];  {A12} 
    fld qword ptr [Ab + 1*8];  {A11} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig1]; 
    mov ebx,[Sig2]; 
    mov ecx,[SizeS1Temp];   {  0      1     2       3     4     
5    6    7} 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2    G     } 
@label1:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2    G     } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2    G     } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2    G     } 
    fsubp st(2),st;         { X1  X2-A2Y2   Y1     A1    A2    
G           } 
    fadd st(1),st           { X1  X1+X2-A2Y2 Y1    A1    A2    
G           } 







    fadd st(1),st           { X1 2*X1+X2-A2Y2 Y1   A1    A2    
G           } 
    fxch st(2);             { Y1 2*X1+X2-A2Y2 X1   A1    A2    
G           } 
    fld st;                 { Y1    Y1 2*X1+X2-A2Y2 X1   A1    
A2    G     } 
    fmul st,st(4);          {A1Y1   Y1 2*X1+X2-A2Y2 X1   A1    
A2    G     } 
    fsubp st(2),st          {Y1 2*X1+X2-A2Y2-A1Y1   X1   A1    
A2    G     } 
    fxch st(1);             { Yy     Y1     X1     A1    A2    
G           } 
    fld dword ptr [eax+edi];{ Xo     Yy     Y1     X1    A1    
A2    G     } 
    fadd st(1),st;     {B0=1  Xo  Yo=Xo+Yy  Y1     X1    A1    
A2    G     } 
    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2    G     } 
    fld st;                 { Yo     Yo     Xo     Y1    X1    
A1    A2   G} 
    fmul st,st(7);          { G*Yo   Yo     Xo     Y1    X1    
A1    A2   G} 
    fstp dword ptr [eax+edi];{Yo     Xo     Y1     X1    A1    
A2    G     } 
    add edi,$4; 
    loop @label1; 
    finit; { initialize coprocessor empty stack } 
    fld qword ptr [Ab + 4*8];  {A22} 
    fld qword ptr [Ab + 3*8];  {A21} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig1]; 
    mov ebx,[Sig2]; 
    mov ecx,[SizeS1Temp];   {  0      1     2       3     4     
5  } 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2  } 
@label2:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2  } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2  } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2  } 
    fsubp st(2),st;         { X1  X2-A2Y2   Y1     A1    A2        
} 
    fsub st(1),st           { X1  X2-X1-A2Y2 Y1    A1    A2        
} 
    fsub st(1),st           { X1 X2-2*X1-A2Y2 Y1   A1    A2        
} 







    fxch st(2);             { Y1 X2-2*X1-A2Y2 X1   A1    A2        
} 
    fld st;                 { Y1    Y1 X2-2*X1-A2Y2 X1   A1    
A2  } 
    fmul st,st(4);          {A1Y1   Y1 X2-2*X1-A2Y2 X1   A1    
A2  } 
    fsubp st(2),st          {Y1 X2-2*X1-A2Y2-A1Y1   X1   A1    
A2  } 
    fxch st(1);             { Yy     Y1     X1     A1    A2        
} 
    fld dword ptr [eax+edi];{ Xo     Yy     Y1     X1    A1    
A2  } 
    fadd st(1),st;     {B0=1  Xo  Yo=Xo+Yy  Y1     X1    A1    
A2  } 
    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2  } 
    fst dword ptr [eax+edi];{ Y1     X1     Y2     X2    A1    
A2  } 
    add edi,$4; 
    loop @label2; 
    finit; { initialize coprocessor empty stack } 
    fld qword ptr [Ab + 6*8];  {A32} 
    fld qword ptr [Ab + 5*8];  {A31} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig1]; 
    mov ebx,[Sig2]; 
    mov ecx,[SizeS1Temp];   {  0      1     2       3     4     
5  } 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2  } 
@label3:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2  } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2  } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2  } 
    fsubp st(2),st;         { X1  X2-A2Y2   Y1     A1    A2        
} 
    fsub st(1),st;          { X1  X2-X1-A2Y2 Y1    A1    A2        
} 
    fsub st(1),st;          { X1 X2-2*X1-A2Y2 Y1   A1    A2        
} 
    fxch st(2);             { Y1 X2-2*X1-A2Y2 X1   A1    A2        
} 
    fld st;                 { Y1    Y1 X2-2*X1-A2Y2 X1   A1    
A2  } 
    fmul st,st(4);          {A1Y1   Y1 X2-2*X1-A2Y2 X1   A1    
A2  } 







    fsubp st(2),st;         {Y1 X2-2*X1-A2Y2-A1Y1   X1   A1    
A2  } 
    fxch st(1);             { Yy     Y1     X1     A1    A2        
} 
    fld dword ptr [eax+edi];{ Xo     Yy     Y1     X1    A1    
A2  } 
    fadd st(1),st;     {B0=1  Xo  Yo=Xo+Yy  Y1     X1    A1    
A2  } 
    fxch st(1);             { Yo     Xo     Y1     X1    A1    
A2  } 
    fst dword ptr [eax+edi];{ Y1     X1     Y2     X2    A1    
A2  } 
    add edi,$4; 
    loop @label3; 
    finit; { initialize coprocessor empty stack } 
    fldz; 
    fld qword ptr [Ab + 8*8];  {A42} 
    fld qword ptr [Ab + 7*8];  {A41} 
    fldz; 
    fldz; 
    fldz; 
    fldz; 
    mov eax,[Sig1]; 
    mov ebx,[Sig2]; 
    mov ecx,[SizeS1Temp];   {  0      1     2      3      4     
5   6   7} 
    xor edi,edi;            { Y1     X1     Y2     X2    A1    
A2   E    } 
    xor esi,esi;            { Y1     X1     Y2     X2    A1    
A2   E    } 
@label4:fxch st(3);         { X2     X1     Y2     Y1    A1    
A2   E    } 
    fxch st(2);             { Y2     X1     X2     Y1    A1    
A2   E    } 
    fmul st,st(5);          {A2Y2    X1     X2     Y1    A1    
A2   E    } 
    fsubp st(2),st;         { X1  X2-A2Y2   Y1     A1    A2    
E         } 
    fadd st(1),st;          { X1  X1+X2-A2Y2 Y1    A1    A2    
E         } 
    fadd st(1),st;          { X1 2*X1+X2-A2Y2 Y1   A1    A2    
E         } 
    fxch st(2);             { Y1 2*X1+X2-A2Y2 X1   A1    A2    
E         } 
    fld st;                 { Y1    Y1 2*X1+X2-A2Y2 X1   A1    
A2   E    } 
    fmul st,st(4);          {A1Y1   Y1 2*X1+X2-A2Y2 X1   A1    
A2   E    } 
    fsubp st(2),st;         {Y1 2*X1+X2-A2Y2-A1Y1   X1   A1    
A2   E    } 
    fxch st(1);             { Yy     Y1     X1     A1    A2    
E         } 







    fld dword ptr [eax+edi];{ Xo     Yy     Y1     X1    A1    
A2   E    } 
    fadd  st(1),st;   {B0=1   Xo  Yo=Xo+Yy  Y1    X1    A1    
A2   E     } 
    fxch st(1);             { Yo     Xo     Y1    X1    A1    
A2   E     } 
    fld st;                 { Yo     Yo     Xo    Y1    X1    
A1   A2  E } 
    fmul st,st;             { Yo2    Yo     Xo    Y1    X1    
A1   A2  E } 
    faddp st(7),st;         { Yo     Xo     Y1    X1    A1    
A2 E=E+Yo2 } 
    fxch st(6);             { E      Xo     Y1    X1    A1    
A2   Yo    } 
    fst qword ptr [ebx+esi];{ E      Xo     Y1    X1    A1    
A2   Yo    } 
    fxch st(6);             { Yo     Xo     Y1    X1    A1    
A2    E    } 
    add edi,$4;             { Y1     X1     Y2    X2    A1    
A2    E    } 
    add esi,$8;             { Y1     X1     Y2    X2    A1    
A2    E    } 
    loop @label4; 
    finit; { initialize coprocessor empty stack } 
    popad; 
  end; 
end;   
 
procedure TForm1.DigitalFilterSet1Click(Sender: TObject); 
var 
  
fs,fn,fq,x,y,z,Dt,Dt1,Tbegin,Tend,Ttotal,Kr,Beta,Gamma,Samp
leRateTemp,Mm1,Bb1, 
    TsMax,Tc,Tc2,T0,T1,T2,T3,T4,T: single; 
  I,J,K,I1,J1,K1,I2,J2,K2,Kmin,Kmax,K3 : integer; 
  Sm,E1,E2,E3,L1,L2,L3,L4:Double; 
begin 
  StringGrid1.Visible:=false; 
  if PlotNew then begin 
    SaveForm; 
    PlotNew:=False; 
  end; 
  SampleRateTemp:=SampleRate; 
  fs:=SampleRate; fn:=fs/2; 
  Dt:=1/SampleRate; 
  SizeS1Temp:=SizeS1; 
  Tend:=SizeS1Temp*Dt; 
  Ttotal:=30; {Sec} 
  Tc:=5.0e-3; 
  Tc2:=0.5*Tc; 
  Gamma:=0.1; 







  T0:=1.01*Tc;   { 20msec lead time for storing phase lead 
signal } 
  T1:=T0+5e-3; { add Ahaah est. start 5 msec } 
  T2:=Tend{-Tc}; { leave a little extra Tc2 to stay in Sig1 
} 
  Dt1:=Gamma*Tc; 
  Kmin:=0; 
  Kmax:=trunc((Tend-Tc-T0)/Dt1); 
  N:=Round(T0/Dt); 
  PrependZeros(N); { add N(20msec) zeros to SizeS1Temp } 
  Butterworth12LowPassDesign; 
  Ab[9]:=Aa[12]; { Gain } 
  for I:=1 to 12 do Ab[I+9]:=Aa[I-1]; 
  I1:=0; J1:=0; 
  for I:=1 to 7 do begin 
    fq:=Jtk[3*I,3]; 
    x:=fn/fq; 
    y:=ln(x)/ln(2); 
    z:=abs(y-round(y)); 
    if z<0.01 then begin 
      I1:=I; 
      J2:=round(y); 
      for K:=3*I1-2 to 3*I1 do begin 
        if Jtk[K,1]=10 then J1:=K 
      end; 
    end; 
  end; 
  for K:=1 to J2 do begin 
    TimeReverseA; 
    Butterworth12LowPassFilter; {a-->a} 
    TimeReverseA; 
    Butterworth12LowPassFilter; 
    J:=0; 
    for I:=0 to SizeS1Temp do 
      if not odd(I) then begin 
        Sig[J]:=Sig[I]; 
        Inc(J) 
      end; 
    SizeS1Temp:=J-1; 
    Dt:=2*Dt; 
    SampleRate:=0.5*SampleRate; 
  end; 
  I:=I1; 
  Dt:=1/SampleRate; 
//  Ttotal:=(Kmax-Kmin+1)*TimeOutMsec/1000; 
  TimeOutMsec1:=Round(1000*Ttotal/(Kmax-Kmin+1)); 
  Done:=False; 
  I2:=Round(Jtk[J1,1]);  { Filter Number   Fc=1K*2^(I2/3) } 
  Ab[0]:=Jtk[J1,5]; { Gain } 
  for I:=1 to 8 do Ab[I]:=Jtk[J1,I+5]; 
  TimeReverseA; 
  Butterworth4BandpassFilter; {a-->b} 







  TimeReverseA; 
  TimeReverseB; 
  Butterworth4BandpassFilterE2;{b-->b} 
  TsMax:=-1e6; 
  for K:=0 to Kmax do begin 
    T:=K*Dt1+T0+Tc2;  Kr:=T/Dt; J:=Trunc(Kr);  T4:=T; 
    L3:=Sig2[J];  L4:=Sig2[J+1]; 
    E2:=L3+(Kr-J)*(L4-L3); 
    T:=K*Dt1+T0-Tc2;  Kr:=T/Dt; J:=Trunc(Kr);  T3:=T; 
    L1:=Sig2[J];  L2:=Sig2[J+1]; 
    E1:=L1+(Kr-J)*(L2-L1); 
    E3:=E2-E1; 
    if E3<=0 then E3:=1; 
    Ts[K,I2]:=10*Log10(E3*Dt/(T4-T3)); 
    if Ts[K,I2]>TsMax then TsMax:=Ts[K,I2]; 
  end; 
  J1:=J1; 
  while not Done do begin 
    J1:=J1+1; 
    I2:=I2-1; 
    if J1>3*I1 then begin { get three new bands } 
      J1:=J1-3; 
      TimeReverseA; 
      Butterworth12lowpassfilter; 
      TimeReverseA; 
      Butterworth12lowpassfilter; 
      J:=0; 
      for I:=0 to SizeS1Temp do 
        if not odd(I) then begin 
          Sig[J]:=Sig[I]; 
          Inc(J) 
        end; 
      SizeS1Temp:=J-1; 
      Dt:=2*Dt; 
      SampleRate:=0.5*SampleRate; 
     // Kmin:=trunc(512/Beta); 
      { modify alpha, dt, Samplerate, SizeS1Temp } 
      Ab[0]:=Jtk[J1,5]; { Gain } 
      for I:=1 to 8 do Ab[I]:=Jtk[J1,I+5]; 
      TimeReverseA; 
      Butterworth4BandpassFilter; 
      TimeReverseA; 
      TimeReverseB; 
      Butterworth4BandpassFilterE2; 
      for K:=0 to Kmax do begin 
        T:=K*Dt1+T0+Tc2;  Kr:=T/Dt; J:=Trunc(Kr); T4:=T; 
        L3:=Sig2[J];  L4:=Sig2[J+1]; 
        E2:=L3+(Kr-J)*(L4-L3); 
        T:=K*Dt1+T0-Tc2;  Kr:=T/Dt; J:=Trunc(Kr); T3:=T; 
        L1:=Sig2[J];  L2:=Sig2[J+1]; 
        E1:=L1+(Kr-J)*(L2-L1); 
        E3:=E2-E1; 







        if E3<=0 then E3:=1; 
        Ts[K,I2]:=10*Log10(E3*Dt/(T4-T3)); 
        if Ts[K,I2]>TsMax then TsMax:=Ts[K,I2]; 
      end; 
    end else begin        { get next lower band } 
      Ab[0]:=Jtk[J1,5]; { Gain } 
      for I:=1 to 8 do Ab[I]:=Jtk[J1,I+5]; 
      TimeReverseA; 
      Butterworth4BandpassFilter; 
      TimereverseA; 
      TimereverseB; 
      Butterworth4BandpassFilterE2; 
      for K:=0 to Kmax do begin 
        T:=K*Dt1+T0+Tc2;  Kr:=T/Dt; J:=Trunc(Kr); T4:=T; 
        L3:=Sig2[J];  L4:=Sig2[J+1]; 
        E2:=L3+(Kr-J)*(L4-L3); 
        T:=K*Dt1+T0-Tc2;  Kr:=T/Dt; J:=Trunc(Kr); T3:=T; 
        L1:=Sig2[J];  L2:=Sig2[J+1]; 
        E1:=L1+(Kr-J)*(L2-L1); 
        E3:=E2-E1; 
        if E3<=0 then E3:=1; 
        Ts[K,I2]:=10*Log10(E3*Dt/(T4-T3)); 
        if Ts[K,I2]>TsMax then TsMax:=Ts[K,I2]; 
      end; 
      J1:=J1; 
    end; 
    if I2=-13 then Done:=True; 
  end; 
  I2:=I2; 
  X2min:=Xmin; X2max:=Xmax; Y2min:=Ymin; Y2max:=Ymax; 
  S2x:=Sx; S2y:=Sy; Y2LabelWidth:=YLabelWidth; 
Y2offset:=Yoffset; 
  SampleRate:=SampleRateTemp; 
  MenuSelection:=8; 
  Ymax:=10*Log10(Ymax)+0; 
  Ymax:=TsMax; 
  Ymin:=Ymax-50; 
  F1:=46; Fmax:=10700; 
  Ystep:=StepSize((Ymax-Ymin)/30);  Ny:=5; 
  Xmin:=Log10(F1); Xmax:=Log10(Fmax); 
  X1min:=Log10(50); X1max:=Log10(10000); 
  Bb1:=(10*X1min+13*X1max)/23; 
  Mm1:=(X1max-X1min)/23; 
  St:='1/3 OCT LEQ(300MS)'; 
  St1:='DB REF 20uPA'; 
  Yoffset:=0; 
  PlotLogAxes; 
  PauseFlag:=0; 
  X1min:=X2min; X1max:=X2max; Y1min:=Y2min; Y1max:=Y2max; 
  S1x:=S2x; S1y:=S2y; Y1LabelWidth:=Y2LabelWidth; 
Y1offset:=Y2offset; 
  with Canvas do begin 







    Pen.Mode:=pmcopy; 
    Pen.Style:=psSolid; 
    Pen.Color:=clGreen; 
    TIndex:=0; {6} 
    Xx:=(TIndex*Dt1+Tc2)*1000; Yy:=Y1min; Scale1; 
MoveTo(Xin,Yin); 
    Yy:=Y1max; Scale1; LineTo(Xin,Yin); 
    Xx:=(TIndex*Dt1-Tc2)*1000; Yy:=Y1min; Scale1; 
MoveTo(Xin,Yin); 
    Yy:=Y1max; Scale1; LineTo(Xin,Yin); 
    Pen.Color:=clBlue; 
    K:=-13; Xx:=Mm1*K+Bb1; Yy:=Ts[TIndex,K]; Scale; 
canvas.MoveTo(Xin,Yin); 
    for K:=-12 to 10 do begin 
      Xx:=Mm1*K+Bb1;       Yy:=Ts[TIndex,K]; Scale; 
canvas.LineTo(Xin,Yin); 
    end; 
    Pen.Mode:=pmXor; 
    repeat 
      HRT.StartTimer; 
      if TimeOutMSec1<>0 then begin 
        application.processmessages 
      end; 
      Pen.Color:=clGreen XOR clWhite; 
      Xx:=(TIndex*Dt1+Tc2)*1000; Yy:=Y1min; Scale1; 
MoveTo(Xin,Yin); 
      Yy:=Y1max; Scale1; LineTo(Xin,Yin); 
      Xx:=((TIndex+1)*Dt1+Tc2)*1000; Yy:=Y1min; Scale1; 
MoveTo(Xin,Yin); 
      Yy:=Y1max; Scale1; LineTo(Xin,Yin); 
      Xx:=(TIndex*Dt1-Tc2)*1000; Yy:=Y1min; Scale1; 
MoveTo(Xin,Yin); 
      Yy:=Y1max; Scale1; LineTo(Xin,Yin); 
      Xx:=((TIndex+1)*Dt1-Tc2)*1000; Yy:=Y1min; Scale1; 
MoveTo(Xin,Yin); 
      Yy:=Y1max; Scale1; LineTo(Xin,Yin); 
      Pen.Color:=clBlue XOR clWhite; 
      for K:=-13 to 9 do begin 
        Xx:=Mm1*K+Bb1;     Yy:=Ts[TIndex,K];   Scale; 
canvas.MoveTo(Xin,Yin); 
        Xx:=Mm1*(K+1)+Bb1; Yy:=Ts[TIndex,K+1]; Scale; 
canvas.LineTo(Xin,Yin); 
        Xx:=Mm1*K+Bb1;     Yy:=Ts[TIndex+1,K];   Scale; 
canvas.MoveTo(Xin,Yin); 
        Xx:=Mm1*(K+1)+Bb1; Yy:=Ts[TIndex+1,K+1]; Scale; 
canvas.LineTo(Xin,Yin); 
      end; 
      repeat 
        ElapsedTime:=HRT.ReadTimer; 
      until ElapsedTime>TimeOutMsec1; 
      repeat 
        application.processmessages 







      until PauseFlag=0; 
      Inc(TIndex); 
    until TIndex>Kmax; 
  end; 
end; 
 
procedure TForm1.TwoDigitalFilterSet1Click(Sender: TObject); 
var 
  
fs,fn,fq,x,y,z,Dt,Dt1,Tend,Kr,Beta,SampleRateTemp,Mm1,Bb1,T
sMax,Ttotal, 
    Tc,Tc2,T0,T1,T2,T3,T4,Gamma: single; 
  I,J,K,I1,J1,K1,I2,J2,K2,Kmin,Kmax : integer; 
  Sm,L1,L2,L3,L4,E1,E2,E3:Double; 
begin 
  StringGrid1.Visible:=false; 
  if PlotNew then begin 
    SaveForm; 
    PlotNew:=False; 
  end; 
  SampleRateTemp:=SampleRate; 
  fs:=SampleRate; fn:=fs/2; 
  Dt:=1/SampleRate; 
  SizeS1Temp:=SizeS1; 
  Tend:=SizeS1Temp*Dt; 
  Ttotal:=60; {Sec} 
  Tc:=0.5e-3; 
  Tc2:=0.5*Tc; 
  Gamma:=0.05; 
  T0:=1.01*Tc;   { 20msec lead time for storing phase lead 
signal } 
  T1:=T0+5e-3; { add Ahaah est. start 5 msec } 
  T2:=Tend{-Tc}; { leave a little extra Tc2 to stay in Sig1 
} 
  Dt1:=Gamma*Tc; 
  Kmin:=0; 
  Kmax:=trunc((Tend-Tc-T0)/Dt1); 
  N:=Round(T0/Dt); 
  PrependZeros(N); { add N(20msec) zeros to SizeS1Temp } 
  Butterworth12LowPassDesign; 
  Ab[9]:=Aa[12]; { Gain } 
  for I:=1 to 12 do Ab[I+9]:=Aa[I-1]; 
  I1:=0; J1:=0; 
  for I:=1 to 7 do begin 
    fq:=Jtk[3*I,3]; 
    x:=fn/fq; 
    y:=ln(x)/ln(2); 
    z:=abs(y-round(y)); 
    if z<0.01 then begin 
      I1:=I; 
      J2:=round(y); 







      for K:=3*I1-2 to 3*I1 do begin 
        if Jtk[K,1]=10 then J1:=K 
      end; 
    end; 
  end; 
  for K:=1 to J2 do begin 
    TimeReverseA;                { zero phase anti-alias 
filter } 
    Butterworth12LowPassFilter; { phase advance in-place Sig 
, a } 
    TimeReverseA; 
    Butterworth12LowPassFilter; { phase delay } 
    J:=0; 
    for I:=0 to SizeS1Temp do 
      if not odd(I) then begin 
        Sig[J]:=Sig[I]; 
        Inc(J) 
      end; 
    SizeS1Temp:=J-1; 
    Dt:=2*Dt; 
    SampleRate:=0.5*SampleRate; 
  end; 
  I:=I1; 
  Dt:=1/SampleRate; 
  TimeOutMsec1:=Round(1000*Ttotal/(Kmax-Kmin+1)); 
  Done:=False; 
  I2:=Round(Jtk[J1,1]);  { Filter Number   Fc=1K*2^(I2/3) } 
  Ab[0]:=Jtk[J1,5]; { Gain } 
  for I:=1 to 8 do Ab[I]:=Jtk[J1,I+5]; 
  TimeReverseA; 
  Butterworth4BandpassFilter;  { a-->b } 
  TimeReverseA; 
  TimeReverseB; 
  Butterworth4BandpassFilterE2; 
  TsMax:=-1e6; 
  for K:=0 to Kmax do begin 
    T:=K*Dt1+T0+Tc2;  Kr:=T/Dt; J:=Trunc(Kr);  T4:=T; 
    L3:=Sig2[J];  L4:=Sig2[J+1]; 
    E2:=L3+(Kr-J)*(L4-L3); 
    T:=K*Dt1+T0-Tc2;  Kr:=T/Dt; J:=Trunc(Kr);  T3:=T; 
    L1:=Sig2[J];  L2:=Sig2[J+1]; 
    E1:=L1+(Kr-J)*(L2-L1); 
    E3:=E2-E1; 
    if E3<=0 then E3:=1; 
    Ts[K,I2]:=10*Log10(E3*Dt/(T4-T3)); 
//    if Ts[K,I2]>TsMax then TsMax:=Ts[K,I2]; 
  end; 
  while not Done do begin 
    J1:=J1+1; 
    I2:=I2-1; 
    if J1>3*I1 then begin { get three new bands } 
      J1:=J1-3; 







      TimeReverseA; 
      Butterworth12LowPassFilter; 
      TimeReverseA; 
      Butterworth12LowPassFilter; 
      J:=0; 
      for I:=0 to SizeS1Temp do 
        if not odd(I) then begin 
          Sig[J]:=Sig[I]; 
          Inc(J) 
        end; 
      SizeS1Temp:=J-1; 
      Dt:=2*Dt; 
      SampleRate:=0.5*SampleRate; 
      Ab[0]:=Jtk[J1,5]; { Gain } 
      for I:=1 to 8 do Ab[I]:=Jtk[J1,I+5]; 
      TimeReverseA; 
      Butterworth4BandpassFilter; { a-->b } 
      TimeReverseA; 
      TimeReverseB; 
      Butterworth4BandpassFilterE2; 
      for K:=0 to Kmax do begin 
        T:=K*Dt1+T0+Tc2;  Kr:=T/Dt; J:=Trunc(Kr);  T4:=T; 
        L3:=Sig2[J];  L4:=Sig2[J+1]; 
        E2:=L3+(Kr-J)*(L4-L3); 
        T:=K*Dt1+T0-Tc2;  Kr:=T/Dt; J:=Trunc(Kr);  T3:=T; 
        L1:=Sig2[J];  L2:=Sig2[J+1]; 
        E1:=L1+(Kr-J)*(L2-L1); 
        E3:=E2-E1; 
        if E3<=0 then E3:=1; 
        Ts[K,I2]:=10*Log10(E3*Dt/(T4-T3)); 
//        if Ts[K,I2]>TsMax then TsMax:=Ts[K,I2]; 
      end; 
      K:=K; 
    end else begin        { get next lower band } 
      Ab[0]:=Jtk[J1,5]; { Gain } 
      for I:=1 to 8 do Ab[I]:=Jtk[J1,I+5]; 
      TimeReverseA; 
      Butterworth4BandpassFilter; { a-->b } 
      TimeReverseA; 
      TimeReverseB; 
      Butterworth4BandpassFilterE2; 
      for K:=0 to Kmax do begin 
        T:=K*Dt1+T0+Tc2;  Kr:=T/Dt; J:=Trunc(Kr); T4:=T; 
        L3:=Sig2[J];  L4:=Sig2[J+1]; 
        E2:=L3+(Kr-J)*(L4-L3); 
        T:=K*Dt1+T0-Tc2;  Kr:=T/Dt; J:=Trunc(Kr); T3:=T; 
        L1:=Sig2[J];  L2:=Sig2[J+1]; 
        E1:=L1+(Kr-J)*(L2-L1); 
        E3:=E2-E1; 
        if E3<=0 then E3:=1; 
        Ts[K,I2]:=10*Log10(E3*Dt/(T4-T3)); 
      end; 







      J1:=J1; 
    end; 
    if I2=-13 then Done:=True; 
  end; 
  OpenDialog1.Filter:='Prepared waveforms|*.AHA|All 
Files|*.*'; 
  if OpenDialog1.Execute then begin 
    OrigFile:=OpenDialog1.Filename; 
    RestoreForm; 
    GetDir(0,CurrentDirectory); 
  end; 
  FileName:=OrigFile; 
  OpenNewFileType5; 
  PressureTimePlot; 
  X2min:=Xmin; X2max:=Xmax; Y2min:=Ymin; Y2max:=Ymax; 
  S2x:=Sx; S2y:=Sy; Y2LabelWidth:=YLabelWidth; 
Y2offset:=Yoffset; 
  SampleRateTemp:=SampleRate; 
  fs:=SampleRate; fn:=fs/2; 
  Dt:=1/SampleRate; 
  SizeS1Temp:=SizeS1; 
  N:=Round(T0/Dt); 
  PrependZeros(N); { add N(20msec) zeros to SizeS1Temp } 
  Butterworth12LowPassDesign; 
  Ab[9]:=Aa[12]; { Gain } 
  for I:=1 to 12 do Ab[I+9]:=Aa[I-1]; 
  I1:=0; J1:=0; 
  for I:=1 to 7 do begin 
    fq:=Jtk[3*I,3]; 
    x:=fn/fq; 
    y:=ln(x)/ln(2); 
    z:=abs(y-round(y)); 
    if z<0.01 then begin 
      I1:=I; 
      J2:=round(y); 
      for K:=3*I1-2 to 3*I1 do begin 
        if Jtk[K,1]=10 then J1:=K 
      end; 
    end; 
  end; 
  for K:=1 to J2 do begin 
    TimeReverseA; 
    Butterworth12LowPassFilter; 
    TimeReverseA; 
    Butterworth12LowPassFilter; 
    J:=0; 
    for I:=0 to SizeS1Temp do 
      if not odd(I) then begin 
        Sig[J]:=Sig[I]; 
        Inc(J) 
      end; 
    SizeS1Temp:=J-1; 







    Dt:=2*Dt; 
    SampleRate:=0.5*SampleRate; 
  end; 
  I:=I1; 
  Dt:=1/SampleRate; 
  Kmin:=0; 
  Kmax:=trunc((Tend-Tc-T0)/Dt1); 
  TimeOutMsec1:=Round(1000*Ttotal/(Kmax-Kmin+1)); 
  Done:=False; 
  I2:=Round(Jtk[J1,1]);  { Filter Number   Fc=1K*2^(I2/3) } 
  Ab[0]:=Jtk[J1,5]; { Gain } 
  for I:=1 to 8 do Ab[I]:=Jtk[J1,I+5]; 
  TimeReverseA; 
  Butterworth4BandpassFilter; 
  TimeReverseA; 
  TimeReverseB; 
  Butterworth4BandpassFilterE2; 
  TsMax:=-1e6; 
  if Sig1[0]<=0 then Sig1[0]:=1e-20; 
  for K:=0 to Kmax do begin 
    T:=K*Dt1+T0+Tc2;  Kr:=T/Dt; J:=Trunc(Kr);  T4:=T; 
    L3:=Sig2[J];  L4:=Sig2[J+1]; 
    E2:=L3+(Kr-J)*(L4-L3); 
    T:=K*Dt1+T0-Tc2;  Kr:=T/Dt; J:=Trunc(Kr);  T3:=T; 
    L1:=Sig2[J];  L2:=Sig2[J+1]; 
    E1:=L1+(Kr-J)*(L2-L1); 
    E3:=E2-E1; 
    if E3<=0 then E3:=1; 
    Ts1[K,I2]:=10*Log10(E3*Dt/(T4-T3))-Ts[K,I2]; 
    if Ts1[K,I2]>TsMax then TsMax:=Ts1[K,I2]; 
  end; 
  while not Done do begin 
    J1:=J1+1; 
    I2:=I2-1; 
    if J1>3*I1 then begin { get three new bands } 
      J1:=J1-3; 
      TimeReverseA; 
      Butterworth12LowPassFilter; 
      TimeReverseA; 
      Butterworth12LowPassFilter; 
      J:=0; 
      for I:=0 to SizeS1Temp do 
        if not odd(I) then begin 
          Sig[J]:=Sig[I]; 
          Inc(J) 
        end; 
      SizeS1Temp:=J-1; 
      Dt:=2*Dt; 
      SampleRate:=0.5*SampleRate; 
      Ab[0]:=Jtk[J1,5]; { Gain } 
      for I:=1 to 8 do Ab[I]:=Jtk[J1,I+5]; 
      TimeReverseA; 







      Butterworth4BandpassFilter; 
      TimeReverseA; 
      TimeReverseB; 
      Butterworth4BandpassFilterE2; 
      for K:=0 to Kmax do begin 
        T:=K*Dt1+T0+Tc2;  Kr:=T/Dt; J:=Trunc(Kr);  T4:=T; 
        L3:=Sig2[J];  L4:=Sig2[J+1]; 
        E2:=L3+(Kr-J)*(L4-L3); 
        T:=K*Dt1+T0-Tc2;  Kr:=T/Dt; J:=Trunc(Kr);  T3:=T; 
        L1:=Sig2[J];  L2:=Sig2[J+1]; 
        E1:=L1+(Kr-J)*(L2-L1); 
        E3:=E2-E1; 
        if E3<=0 then E3:=1; 
        Ts1[K,I2]:=10*Log10(E3*Dt/(T4-T3))-Ts[K,I2]; 
        if Ts1[K,I2]>TsMax then TsMax:=Ts1[K,I2]; 
      end; 
    end else begin        { get next lower band } 
      Ab[0]:=Jtk[J1,5]; { Gain } 
      for I:=1 to 8 do Ab[I]:=Jtk[J1,I+5]; 
      TimeReverseA; 
      Butterworth4BandpassFilter; 
      TimeReverseA; 
      TimeReverseB; 
      Butterworth4BandpassFilterE2; 
      for K:=0 to Kmax do begin 
        T:=K*Dt1+T0+Tc2;  Kr:=T/Dt; J:=Trunc(Kr);  T4:=T; 
        L3:=Sig2[J];  L4:=Sig2[J+1]; 
        E2:=L3+(Kr-J)*(L4-L3); 
        T:=K*Dt1+T0-Tc2;  Kr:=T/Dt; J:=Trunc(Kr);  T3:=T; 
        L1:=Sig2[J];  L2:=Sig2[J+1]; 
        E1:=L1+(Kr-J)*(L2-L1); 
        E3:=E2-E1; 
        if E3<=0 then E3:=1; 
        Ts1[K,I2]:=10*Log10(E3*Dt/(T4-T3))-Ts[K,I2]; 
        if Ts1[K,I2]>TsMax then TsMax:=Ts1[K,I2]; 
      end; 
      J1:=J1; 
    end; 
    if I2=-13 then Done:=True; 
  end; 
  I2:=I2; 
  SampleRate:=SampleRateTemp; 
  MenuSelection:=8; 
  Ymax:=10*Log10(Ymax)+3; 
  Ymax:=TsMax; 
  Ymax:=5; 
  Ymin:=Ymax-60; 
  F1:=46; Fmax:=10700; 
  Ystep:=StepSize((Ymax-Ymin)/30);  Ny:=5; 
  Xmin:=Log10(F1); Xmax:=Log10(Fmax); 
  X1min:=Log10(50); X1max:=Log10(10000); 
  Bb1:=(10*X1min+13*X1max)/23; 







  Mm1:=(X1max-X1min)/23; 
  St:='1/3 OCT LEQ(300MS)'; 
  St1:='DB REF 20uPA'; 
  Yoffset:=0; 
  PlotLogAxes; 
  PauseFlag:=0; 
  X1min:=X2min; X1max:=X2max; Y1min:=Y2min; Y1max:=Y2max; 
  S1x:=S2x; S1y:=S2y; Y1LabelWidth:=Y2LabelWidth; 
Y1offset:=Y2offset; 
  with Canvas do begin 
    Pen.Mode:=pmcopy; 
    Pen.Color:=clGreen; 
    Pen.Style:=psSolid; 
    TIndex:=0; {4} 
    K:=-13; Xx:=Mm1*K+Bb1; Yy:=Ts1[TIndex,K]; Scale; 
MoveTo(Xin,Yin); 
    for K:=-12 to 10 do begin 
      Xx:=Mm1*K+Bb1;       Yy:=Ts1[TIndex,K]; Scale; 
LineTo(Xin,Yin); 
    end; 
    Xx:=(TIndex*Dt1+Tc2)*1000; Yy:=Y1min; Scale1; 
MoveTo(Xin,Yin); 
    Yy:=Y1max; Scale1; LineTo(Xin,Yin); 
    Xx:=(TIndex*Dt1-Tc2)*1000; Yy:=Y1min; Scale1; 
MoveTo(Xin,Yin); 
    Yy:=Y1max; Scale1; LineTo(Xin,Yin); 
    Pen.Mode:=pmXor; 
    repeat 
      HRT.StartTimer; 
      if TimeOutMSec1<>0 then begin 
        application.processmessages 
      end; 
      Pen.Color:=clGreen XOR clWhite; 
      Xx:=(TIndex*Dt1+Tc2)*1000; Yy:=Y1min; Scale1; 
MoveTo(Xin,Yin); 
      Yy:=Y1max; Scale1; LineTo(Xin,Yin); 
      Xx:=((TIndex+1)*Dt1+Tc2)*1000; Yy:=Y1min; Scale1; 
MoveTo(Xin,Yin); 
      Yy:=Y1max; Scale1; LineTo(Xin,Yin); 
      Xx:=(TIndex*Dt1-Tc2)*1000; Yy:=Y1min; Scale1; 
MoveTo(Xin,Yin); 
      Yy:=Y1max; Scale1; LineTo(Xin,Yin); 
      Xx:=((TIndex+1)*Dt1-Tc2)*1000; Yy:=Y1min; Scale1; 
MoveTo(Xin,Yin); 
      Yy:=Y1max; Scale1; LineTo(Xin,Yin); 
      for K:=-13 to 9 do begin 
        Xx:=Mm1*K+Bb1;     Yy:=Ts1[TIndex,K];   Scale; 
MoveTo(Xin,Yin); 
        Xx:=Mm1*(K+1)+Bb1; Yy:=Ts1[TIndex,K+1]; Scale; 
LineTo(Xin,Yin); 
        Xx:=Mm1*K+Bb1;     Yy:=Ts1[TIndex+1,K];   Scale; 
MoveTo(Xin,Yin); 







        Xx:=Mm1*(K+1)+Bb1; Yy:=Ts1[TIndex+1,K+1]; Scale; 
LineTo(Xin,Yin); 
      end; 
      repeat 
        ElapsedTime:=HRT.ReadTimer; 
      until ElapsedTime>TimeOutMsec1; 
      repeat 
        application.processmessages 
      until PauseFlag=0; 
      Inc(TIndex); 
    until TIndex>Kmax; 
  end; 
end; 
 
 
procedure TForm1.TimeReversal1Click(Sender: TObject); 
begin 
  SizeS12:=SizeS1 div 2; 
  for J:=0 to SizeS12 do begin 
    J1:=SizeS1-J; 
    Temp:=Sig[J]; Sig[J]:=Sig[J1]; Sig[J1]:=Temp; 
  end; 
end; 
 
procedure TForm1.TrendRemoval1Click(Sender: TObject); 
begin 
  MenuSelection:=9; 
  LeftX:=YlabelWidth+Round(0.05*PlotWidth); {-1 outside form 
} 
  LeftColor:=RGB(255,0,0);  {clred} 
  RightX:=YlabelWidth+PlotWidth-Round(0.05*PlotWidth); { 
clw" " } 
  RightColor:=RGB(255,0,0); {clRed} 
  with Canvas do begin 
    Pen.Mode:=pmXor;           {use XOR mode to draw/erase} 
    Pen.Color:=LeftColor xor clWhite; 
    MoveTo(LeftX,Yoffset+PlotHeight-1); { move to left bottom 
} 
    LineTo(LeftX,Yoffset+1);            { draw to left top } 
    Pen.Color:=RightColor xor clWhite; 
    MoveTo(RightX,Yoffset+PlotHeight-1); { move to right 
bottom } 
    LineTo(RightX,Yoffset+1);            { draw to right top 
} 
    Pen.Mode:=pmCopy; 
  end; 
  PopupMenu1.AutoPopUp:=False; 
  IndexEnabled:=True; 
  with Button15 do begin 
    Left:=YlabelWidth+Round(0.4*PlotWidth); 
    Top:=Round(1.05*PlotHeight); 







    Visible:=True; 
  end; 
 
end; 
 
procedure TForm1.Button15Click(Sender: TObject); 
var 
  I,J,K,L,L1,Temp,N1,N2,N3,E1,I3,I4: integer; 
  I2 : array[1..8,1..3] of integer; 
  Xf : single; 
  A,B: array[1..8,1..8] of double; 
  C1,Z,E2: array[1..8] of double; 
  W: array[1..8,1..1] of double; 
  Y22,S7,S8,T6,C3,D3,E5,B1,H1,P1,T : double; 
begin 
  if LeftX > RightX then begin 
    Temp:=LeftX; LeftX:=RightX; RightX:=Temp;  { swap index 
} 
  end; 
  if LeftX<YlabelWidth then LeftX:=YlabelWidth; 
  if RightX<YlabelWidth then RightX:=YlabelWidth+1; 
  Xf:=(LeftX-YlabelWidth)/PlotWidth; 
  Jb:=Round(SizeS1*Xf); 
  Xf:=(RightX-YlabelWidth)/PlotWidth; 
  Je:=Round(SizeS1*Xf); 
 
  N1:=Je-Jb+1; { Rows, Data points  } 
  N2:=8; { Columns, model order 2=linear 3=quadratic 
parabolic, 4=cubic } 
  for I:=1 to N1 do begin 
    Xjk[I]:=I;  {Jb+I-1} 
    Y1jk[I]:=Sig[Jb+I-1] 
  end; 
  for I:=1 to N1 do begin  { set up data matrix } 
    U[I,1]:=1; 
    for J:=2 to N2 do U[I,J]:=U[I,J-1]*Xjk[I]; 
    Yjk[I]:=Y1jk[I] 
  end; 
  for K:=1 to N2 do begin  { U and V converted to A and Z 
Square Up the Matrix } 
    for L:=1 to K do begin 
      A[K,L]:=0; 
      for I:=1 to N1 do begin 
        A[K,L]:=A[K,L]+U[I,L]*U[I,K]; 
        if K<>L then A[L,K]:=A[K,L] 
      end; 
    end; 
    Z[K]:=0; 
    for I:=1 to N1 do begin 
      Z[K]:=Z[K]+Yjk[I]*U[I,K] 
    end; 







  end; 
  { Gauss-Jordan matrix inversion and solution } 
  E1:=0; { becomes 1 for singular matrix } 
  N3:=1; { number of constant vectors } 
  for I:=1 to N2 do begin 
    for J:=1 to N2 do B[I,J]:=A[I,J]; 
    W[I,1]:=Z[I]; 
    I2[I,3]:=0;  { work matrix } 
  end; 
  D3:=1;    { determinant } 
  for I:=1 to N2 do begin 
    { search for largest pivot element } 
    B1:=0; 
    for J:=1 to N2 do begin 
      if I2[J,3]<>1 then begin 
        for K:=1 to N2 do begin 
          if I2[K,3]>1 then begin 
            E1:=1; { Error - matrix singular } 
            Exit; 
          end; 
          if (I2[K,3]<>1) and (B1<abs(B[J,K])) then begin 
            I3:=J; 
            I4:=K; 
            B1:=abs(B[J,K]) 
          end; 
        end; 
      end; 
    end; 
    I2[I4,3]:=I2[I4,3]+1; 
    I2[I,1]:=I3; 
    I2[I,2]:=I4; 
    if I3<>I4 then begin { interchange rows to put pivot on 
diagonal } 
      D3:=-D3; 
      for L:=1 to N2 do begin 
        H1:=B[I3,L]; B[I3,L]:=B[I4,L]; B[I4,L]:=H1; { swap } 
      end; 
      if N3>=1 then begin 
        for L:=1 to N3 do begin 
          H1:=W[I3,L]; W[I3,L]:=W[I4,L]; W[I4,L]:=H1; 
        end; 
      end; 
    end; 
    { L6: divide pivot row by pivot element } 
    P1:=B[I4,I4]; 
    D3:=D3*P1; 
    B[I4,I4]:=1; 
    for L:=1 to N2 do B[I4,L]:=B[I4,L]/P1; 
    if N3>=1 then begin 
      for L:=1 to N3 do W[I4,L]:=W[I4,L]/P1; 
    end; 
    { L7: reduce non pivot rows } 







    for L1:=1 to N2 do begin 
      if L1<>I4 then begin 
        T:=B[L1,I4]; B[L1,I4]:=0; 
        for L:=1 to N2 do B[L1,L]:=B[L1,L]-B[I4,L]*T; 
        if N3>=1 then begin 
          for L:=1 to N3 do W[L1,L]:=W[L1,L]-W[I4,L]*T; 
        end; 
      end; 
    end; { L1 } 
  end; { I } 
  { interchange columns } 
  for I:=1 to N2 do begin 
    L:=N2-I+1; 
    if I2[L,1]<>I2[L,2] then begin 
      I3:=I2[L,1]; 
      I4:=I2[L,2]; 
      for K:=1 to N2 do begin 
        H1:=B[K,I3]; B[K,I3]:=B[K,I4]; B[K,I4]:=H1; 
      end; 
    end; 
  end; { I } 
  for K:=1 to N2 do begin 
    if I2[K,3]<>1 then begin 
      E1:=1; 
      Exit; 
    end; 
  end; 
  E1:=0; 
  for I:=1 to N2 do C1[I]:=W[I,1]; 
  S7:=0; S8:=0; T6:=0; 
  for I:=1 to N1 do begin 
    Y22:=0; 
    for J:=1 to N2 do Y22:=Y22+C1[J]*U[I,J]; 
    R3jk[I]:=Y1jk[I]-Y22; 
    Y2jk[I]:=Y22; 
    T6:=T6+R3jk[I]*R3jk[I]; 
    S7:=S7+Yjk[I]; 
    S8:=S8+Yjk[I]*Yjk[I]; 
  end; 
  C3:=Sqrt(1-T6/(S8-S7*S7/N1));  { Correlation coef } 
  if N1=N2 then 
    E5:=Sqrt(T6) 
  else 
    E5:=Sqrt(T6/(N1-N2)); 
  for J:=1 to N2 do E2[J]:=E5*Sqrt(abs(B[J,J])); { error 
terms} 
  {X, Y, Y2=Ycalc R3=Resid} 
  { C1[1], E2[1] constant term} 
  for I:=1 to N1 do begin 
    Sig[Jb+I-1]:=R3jk[I]; 
  end; 
  for I:=Je+1 to SizeS1 do begin 







    Sig[I]:=Sig[I]-Y22; 
  end; 
  with Form1.Canvas do begin 
    Pen.Color:=clRed; 
    for I:=1 to N1 do begin 
      Xx:=(Tb+(I-1+Jb)*Dt)*1e3; Yy:=Y2jk[I]*1e-3; Scale; 
      if I=1 then MoveTo(Xin,Yin) else LineTo(Xin,Yin) 
    end; 
  end; 
 
(* 
  if Jb<0 then Jb:=0; 
  for J:=Jb to Je do Sig[J-Jb]:=Sig[J]; 
  for J:=Je+1 to SizeS1 do Sig[J]:=0; { for M.P. or NLDifEq 
} 
  SizeS1:=Je-Jb; 
  LeftX:=YlabelWidth+1; RightX:=YlabelWidth+PlotWidth-1; 
  Tb:=Tb+Jb*Dt; 
  Te:=Tb+SizeS1*Dt; 
  Tb1:=Tb; Te1:=Te; 
{  PressureTimePlot;} 
  PopupMenu1.AutoPopUp:=True; 
  Button15.Visible:=False; 
  IndexEnabled:=False; 
  Str(SizeS1+1,SizeSt); 
  StringGrid1.Cells[1,4]:=SizeSt; 
  PressureTimePlot; 
*) 
  PopupMenu1.AutoPopUp:=True; 
  Button15.Visible:=False; 
  IndexEnabled:=False; 
 
end; 
 
procedure TForm1.PreEqualizeFF1Click(Sender: TObject); 
var 
  Attributes,Done,Flen,I,M,Nav,N1,Count : integer; 
  HPDfile2,FName,Dstr : string; 
  CopyBitMap : TBitmap; 
  DestRect,SrcRect : TRect; 
  Ysum : double; 
  Temp,Den,Ydummy,Fmax,Yt,Yl,Yr : single; 
  X,X0,Y,Sd,A1,A2,A3 : array[1..80] of single; 
  Yffce,Yceed : array[0..80] of single; 
begin 
  New(Xr); New(Xi); New(X1r); New(X1i); 
  for K:=1 to XbufSize do begin 
    Xr^[K]:=0;  Xi^[K]:=0; 
  end; 
  J:=0;  K:=1; 
  repeat 







    Xr^[K]:=Sig[J]; Inc(J); 
    Xi^[K]:=Sig[J]; Inc(J); 
    Inc(K) 
  until J>SizeS1; 
  M:=Round(Log2(SizeS1+1)); 
  Nn:=Round(Exp(M*Ln(2))); 
  N:=Nn div 2; 
  N1:=N+1; 
  ForwardFft(N,Dt,Xr,Xi); 
  F1:=1/(Nn*Dt); 
  Fmax:=0.5/Dt; 
  Ln10_10:=Ln(10)/10; 
  Ln10_20:=Ln(10)/20; 
(* 
  for J:=1 to N do begin 
    Den:=Sqr(X1r^[J])+Sqr(X1i^[J]); 
    Temp:=   Sqr((Xr^[J]*X1r^[J]+Xi^[J]*X1i^[J])/Den); 
    X1i^[J]:=Sqr((Xi^[J]*X1r^[J]-Xr^[J]*X1i^[J])/Den); 
    X1r^[J]:=Temp; 
    X1r^[J]:=Ln(X1r^[J]+X1i^[J])/Ln10_10; 
  end; 
  X1r^[1]:=0; 
*) 
  HPDfile2:=AhaahDirectory+'\PinkNoiseStandardSingle.txt'; 
  AssignFile(InFText,HPDfile2); 
  Reset(InFText); 
  J:=1; 
  repeat 
    ReadLn(InFText,X[J],Y[J]); 
    X[J]:=Ln(X[J]); 
    Inc(J); 
  until EOF(InFText); 
  Nav:=J-1; 
  CloseFile(InFText); 
 
  for K:=2 to Nav-1 do begin 
    A1[K]:=Y[K-1]/((X[K-1]-X[K])*(X[K-1]-X[K+1])); 
    A2[K]:=Y[K]/((X[K]-X[K-1])*(X[K]-X[K+1])); 
    A3[K]:=Y[K+1]/((X[K+1]-X[K-1])*(X[K+1]-X[K])); 
  end; 
  for J:=2 to N do begin 
//    J1:=J+8; 
//    Xx:=0.230259*J1; 
    Xx:=Ln((J-1)*F1); 
    K:=1; repeat Inc(K) until (K=Nav) or (Xx<X[K]); 
    if K=2 then 
      Yt:=A1[K]*(Xx-X[K])*(Xx-X[K+1])+A2[K]*(Xx-X[K-
1])*(Xx-X[K+1])+ 
          A3[K]*(Xx-X[K-1])*(Xx-X[K]) 
    else if K=Nav then 







      Yt:=A1[K-1]*(Xx-X[K-1])*(Xx-X[K])+A2[K-1]*(Xx-X[K-
2])*(Xx-X[K])+ 
          A3[K-1]*(Xx-X[K-2])*(Xx-X[K-1]) 
    else begin 
     Yl:=A1[K-1]*(Xx-X[K-1])*(Xx-X[K])+A2[K-1]*(Xx-X[K-
2])*(Xx-X[K])+ 
         A3[K-1]*(Xx-X[K-2])*(Xx-X[K-1]); 
     Yr:=A1[K]*(Xx-X[K])*(Xx-X[K+1])+A2[K]*(Xx-X[K-1])*(Xx-
X[K+1])+ 
         A3[K]*(Xx-X[K-1])*(Xx-X[K]); 
     Yt:=Yl*(Xx-X[K])/(X[K-1]-X[K])+Yr*(Xx-X[K-1])/(X[K]-
X[K-1]); 
    end; 
    X1r^[J]:=Exp(-Ln10_20*Yt); X1i^[J]:=0;{ equalize } 
//    dsincos(Pi*(2*Random-1),DRe,DIm);  { phase uniformly 
random from -PI to PI } 
//    Yt:=X1r^[J]*DRe-X1i^[J]*Dim; 
//    X1i^[J]:=X1r^[J]*DIm+X1i^[J]*DRe; 
//    X1r^[J]:=Yt; 
  end; 
  X1r^[1]:=1;                    X1i^[1]:=0;  { no loss at DC 
} 
  X1r^[N1]:=1*Exp(-Ln10_20*Y[Nav]); X1i^[N1]:=0; { loss at 
Nyquist } 
  X1r^[N1]:=0; 
  for J:=1 to N1 do begin 
//    polar2(Xr^[J],Xi^[J],DRm,DPh); 
//    Dph:=2*Dph; { add another phase lag } 
//    dsincos(DPh,DRe,DIm); 
//    Re:=DRm*Dre;  Im:=DRm*DIm; { double phase component } 
//    Yt:=Xr^[J]*Re-Xi^[J]*Im; 
//    Xi^[J]:=Xr^[J]*Im+Xi^[J]*Im; 
//    Xr^[J]:=Yt; 
    Yt:=Xr^[J]*X1r^[J]-Xi^[J]*X1i^[J]; 
    Xi^[J]:=Xr^[J]*X1i^[J]+Xi^[J]*X1r^[J]; 
    Xr^[J]:=Yt; 
  end; 
  InverseFft(N,Dt,Xr,Xi); 
  J:=0; K:=1; 
  repeat 
    Sig[J]:=Xr^[K]; Inc(J); 
    Sig[J]:=Xi^[K]; Inc(J); 
    Inc(K) 
  until K>N; 
  Dispose(Xr); Dispose(Xi); Dispose(X1r); Dispose(X1i); 
end; 
 
procedure TForm1.OTBEqualize1Click(Sender: TObject); 
var 
  gain : double; 
  X,X0,Y,Sd,A1,A2,A3 : array[1..80] of single; 







  J,K,Nav : integer; 
begin 
 
//  AWeightFilter; 
//  ChebyshevIILowPassFilter; 
//  LowPassFreq:=10000; 
//  LowPassFilter; 
  HPDfile2:=AhaahDirectory+'\PinkInsertionLoss.txt'; 
  AssignFile(InFText,HPDfile2); 
  Reset(InFText); 
  J:=1; 
  repeat 
    ReadLn(InFText,X[J],Y[J]); 
    Inc(J); 
  until EOF(InFText); 
  Nav:=J-1; 
  CloseFile(InFText); 
 
  for J:=0 to SizeS1 do ISig[J]:=Sig[J]; 
  J:=0; 
  for K:=21{17} to 39{42} do begin 
    BandPassFreq:=Exp(Ln10_10*K); { 1000, 1260} 
    Fc:=BandPassFreq; 
    BandPassFilter; 
    Kk:=K+5; 
    Gain:=Exp(Ln10_20*(-Y[Kk]))-1; 
    for J:=0 to SizeS1 do ISig[J]:=ISig[J]+Gain*Sig1[J]; 
  end; 
  for J:=0 to SizeS1 do Sig[J]:=ISig[J]; 
  PlotNew:=False; 
//  PressureTimePlot; 
 
end; 
 
procedure TForm1.AwtTimeAvgClick(Sender: TObject); 
var 
  Flen,I,Nstart,Nstop,Nband,Im,Ip,Nn : integer; 
  
Twt,Tconst,Tmax,Fo,Fm,Fp,Am,Ap,Ee,Em,Ep,Po,Tavg,Fr,Mag,Ph: 
single; 
  Fname,Dtstr : string; 
  Message1 : word; 
begin 
  Twt:=125e-3; { averaging time constant } 
  Twt:=1e3*Twt; 
  Str(Twt:1:1,DtStr); 
  Message1:=MessageDlg('Averaging time = '+DtStr+' msec. '+ 
     'Change sample 
rate?',mtConfirmation,[mbOK,mbCancel],0); 
  if Message1=mrOK then begin 
     GetNumR('Averaging time in msec', 0.1,10000,Twt); 







  end; 
  Twt:=Twt*1e-3; 
  RC2:=0.5*Twt; 
  RC2:=1*Twt; 
  Nn:=SizeS1; 
  N:=Nn div 2; 
  Dt:=1/SampleRate; 
  F1:=1/(Nn*Dt); 
  Tconst:=1; 
  ACWeightSetup; 
  Fmin:=F1; Fmax:=0.5*SampleRate; 
  Ymax:=2; 
  Ymax:=20*Log10(Ymax); 
  Ymin:=-80; 
  Ymin:=-20; 
  Ystep:=StepSize((Ymax-Ymin)/30);  Ny:=5; 
  Xmin:=Log10(F1); Xmax:=Log10(Fmax); 
  St:='A WEIGHT FILTER RESPONSE'; 
  St1:='DB REF 20uPA'; 
  Yoffset:=0; 
  PlotLogAxes; 
  with Canvas do begin 
    AWeightFilter3; 
    for I:=0 to SizeS1 do begin 
      Sig[I]:=Sqrt(Sig[I]/Tconst); 
    end; 
    Sig[SizeS1]:=0; 
    Pen.Color:=clBlack; 
    Pen.Style:=psSolid; 
    for I:=1 to N do begin 
      Fr:=F1*I; 
      AcWeight(Fr,ReA,ImA,ReC,ImC); 
      Polar4(ReA,ImA,Mag,Ph); 
      Xx:=Log10(Fr); Yy:=20*Log10(Mag); Scale; 
      if I=1 then Canvas.MoveTo(Xin,Yin) else 
Canvas.LineTo(Xin,Yin) 
    end; 
    Pen.Color:=clBlack; 
    for I:=1 to 34 do begin 
      Xx:=0.1*(I+9);  Yy:=Atol[I]; Scale; 
      if I=1 then Canvas.MoveTo(Xin,Yin) else 
Canvas.LineTo(Xin,Yin) 
    end; 
 
    Pen.Color:=clGreen; 
    Pen.Style:=psDash; 
    for I:=1 to 34 do begin 
      Xx:=0.1*(I+9);  Yy:=Atol[I]-Atoln[I]; Scale; 
      if I=1 then Canvas.MoveTo(Xin,Yin) else 
Canvas.LineTo(Xin,Yin) 
    end; 







    for I:=1 to 34 do begin 
      Xx:=0.1*(I+9);  Yy:=Atol[I]+Atolx[I]; Scale; 
      if I=1 then Canvas.MoveTo(Xin,Yin) else 
Canvas.LineTo(Xin,Yin) 
    end; 
    Pen.Style:=psSolid; 
  end; 
end; 
 
procedure TForm1.FreeFieldtoCEPressure1Click(Sender: 
TObject); 
var 
  Message1:word; 
  NewItem,NewItem2 : TMenuItem; 
  Choice : string; 
begin 
  for J:=0 to SizeS1 do Sig[J]:=ISig[J]; 
//  PlotNew:=True; 
//  PressureTimePlot; 
  PlotNew:=False; 
  OverlayColor:=5; 
  Canvas.Pen.Color:=clGreen; 
  LoopNumber:=24; 
  TimeDomainModel8; 
  for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
  PlotNew:=False; 
  PressureTimePlot; 
(* 
  StringGrid1.Cells[1,3]:='1'; 
{  MainMenu1.Items[1].Enabled:=False;} 
  MainMenu1.Items[0].Items[4].Enabled:=False; { Save AHA 
(line is 3)} 
  ProgressBar1.Visible:=True; 
  Edit1.Visible:=True; 
  Edit1.Text:='WARNED'; 
  Application.ProcessMessages; 
  if MovieOpen Then CancelMovieClick(Sender); { Disposes 
previous Ma } 
  if FileOpen then begin 
    {New(Ma);} 
    MovieOpen:=True; 
    PopupMenu1.AutoPopUp:=False; 
    MemDelay1:=MemDelay; 
    CalculateHazard3; 
    Application.ProcessMessages; 
    NewItem2:=TMenuItem.Create(MainMenu1); 
    NewItem2.Caption:='Movie[Cancel ,'; 
    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem2); 
    NewItem2.OnClick:=CancelMovieClick; 
    NewItem:=TMenuItem.Create(MainMenu1); 
    NewItem.Caption:='Stapes Displacement]'; 







    MainMenu1.Items.Insert(MainMenu1.Items.Count,NewItem); 
    NewItem.OnClick:=AnimateClick; 
  end; 
  PopupMenu1.AutoPopUp:=True; 
  OpenDialog1.InitialDir:=CurrentDirectory; 
  OpenDialog1.FileName:=OrigFile; 
*) 
end; 
 
procedure TForm1.FreeFieldtoEDPressure1Click(Sender: 
TObject); 
var 
  Message1:word; 
  NewItem,NewItem2 : TMenuItem; 
  Choice : string; 
begin 
  for J:=0 to SizeS1 do Sig[J]:=ISig[J]; 
//  PlotNew:=True; 
//  PressureTimePlot; 
  PlotNew:=False; 
  OverlayColor:=5; 
  Canvas.Pen.Color:=clGreen; 
  LoopNumber:=24; 
  TimeDomainModel9; 
  for J:=0 to SizeS1 do Sig[J]:=Sig1[J]; 
  PlotNew:=False; 
  PressureTimePlot; 
 
end; 
 
procedure TForm1.OpenAHAwaveform1Click(Sender: TObject); 
var 
  w,h,Attributes,Done  : integer; 
  Fr,Xx1,Yy1,Rr1,Tt1: double; 
begin 
  OverlayColor:=1; 
//  OverlayColor:=0; 
  PressureTimePlot1:=False; 
  ImportOpen:=False; 
  { Open AHA Waveform } 
{  ClearCanvas;} 
  RestoreForm; 
  PlotNew:=True; 
  LogPlotNew:=True; 
  if MovieOpen then CancelMovieClick(Sender); 
  Memo3.Visible:=False; 
  OpenDialog1.Filter:='Prepared waveforms|*.AHA|All 
Files|*.*'; 
  Timer1.Enabled:=True;                       { Start the 
timer } 
  if OpenDialog1.Execute then begin 







    OrigFile:=OpenDialog1.Filename; 
    RestoreForm; 
    GetDir(0,CurrentDirectory); 
    PopupMenu1.AutoPopUp:=True; 
    
DriveType:=GetDriveType(PChar(ExtractFileDrive(OpenDialog1.
Filename))); 
    if (DriveType<>Drive_CDROM) AND (DriveType<>0){AND 
(DriveType<>1)}then DriveWritable:=True else 
DriveWritable:=False; 
    
FE:=ANSIUpperCase(ExtractFileExt(OpenDialog1.Filename)); 
    
FileName:=ANSIUpperCase(ExtractFileName(OpenDialog1.Filenam
e)); 
{ 
    Attributes:=FileGetAttr(FileName); 
    Attributes:=Attributes and not (faReadOnly or faHidden); 
    Done:=FileSetAttr(FileName,Attributes); 
} 
    Application.processmessages; 
    FName:=FileName; 
    Flen:=pos('.',FileName); 
    if Flen>0 then SetLength(FName,Flen-1); 
    HazFileName:=FName; 
    FileName:=FName+'.AHA'; 
    Form1.Caption:='AHAAH INTENSE SOUND HAZARD ANALYSIS OF: 
'+FName; 
{    
StringGrid1.Options:=[goFixedVertLine,goFixedHorzLine,goVer
tLine,GoHorzLine, 
                          
goEditing,goAlwaysShowEditor,goRangeSelect,goTabs]; 
    StringGrid1.Width:=Form1.Width; 
    StringGrid1.Height:=(Form1.ClientHeight) div 2; 
} 
    h:=Form1.ClientHeight; 
    w:=Form1.ClientWidth; 
    with StringGrid1 do begin 
      Height:=Round(0.5*h)-0*4; 
      top:=0; 
      left:=0; 
      Width:=w; 
      ColWidths[0]:=Round(0.3*w); 
      ColWidths[1]:=Round(0.1*w); 
      ColWidths[2]:=Round(0.56*w); 
      Visible:=True; 
    end; 
    h1:=Round(0.03*h); 
    w1:=Round(0.2*w); 
    with ProgressBar1 do begin 
      Height:=h1; 







      Top:=h-Round(1.25*h1); 
      Width:=w1; 
      Left:=0;   {Round((w-w1)/2)} 
      Max:=23; 
      Step:=1; 
      Position:=0; 
      Visible:=False; 
    end; 
    with Edit1 do begin 
      Height:=h1; 
      Top:=h-Round(1.25*h1); 
      Width:=Round(0.75*w1); 
      Left:=Round(1.1*w1); 
      Visible:=False; 
    end; 
{    OpenNewFileType3;} 
    OpenNewFileType5; 
(* 
    SizeS1:=65535; 
    Te:=Dt*SizeS1; 
    Nn:=SizeS1+1; 
    for J:=0 to 250 do Sig[J]:=0; 
    Sig[250]:=0.5*6324; {170dB Peak} 
    for J:=251 to 251+4100 do Sig[J]:=6324; 
    Sig[251+4100]:=0.5*6324; 
    for J:=251+4100+1 to SizeS1 do Sig[J]:=0; 
    Str(SizeS1+1:0,Dstr); 
    StringGrid1.Cells[1,4]:=Dstr; 
*) 
    PressureTimePlot; 
    if OverlayColor=0 then OverlayColor:=1; 
    Tb1:=Tb; Te1:=Te; 
    MainMenu1.Items[1].Enabled:=True; 
    MainMenu1.Items[3].Enabled:=True; 
    MainMenu1.Items[0].Items[1].Enabled:=True; { Overlay AHA 
} 
    MainMenu1.Items[0].Items[4].Enabled:=True; { Save AHA 
(line = 3)} 
    MainMenu1.Items[0].Items[5].Enabled:=True; { Save AHA 
AS} 
    MainMenu1.Items[0].Items[6].Enabled:=True; { Save WAV 
AS} 
    OpenDialog1.InitialDir:=CurrentDirectory; 
    SaveForm; 
  end 
  else 
    RestoreForm; 
end; 
 
procedure TForm1.SaveAHAwaveformas1Click(Sender: TObject); 
var 







  Message1 : word; 
  I,K,M,Flen:integer; 
  Fname: string; 
begin 
  if SizeS1<=SbufSize then begin 
    ChDir(CurrentDirectory); 
    StringGrid1Entered:=False; 
    SaveDialog1.Filter:='Auditorialy hazardous waveforms 
(*.AHA)|*.AHA'; 
    SaveDialog1.InitialDir:=CurrentDirectory; 
    SaveDialog1.DefaultExt:='AHA'; 
    FName:=ExtractFileName(OpenDialog1.Filename); 
    Flen:=pos('.',FName); 
    if Flen>0 then SetLength(FName,Flen-1); 
    SaveDialog1.Filename:=FName+'.AHA'; 
  {  SaveDialog1.FileName:='';} 
    if SaveDialog1.Execute then begin 
      
FilePath:=ANSIUpperCase(ExtractFilePath(SaveDialog1.Filenam
e)); 
      
FE:=ANSIUpperCase(ExtractFileExt(SaveDialog1.Filename)); 
      FName:=ExtractFileName(SaveDialog1.Filename); 
      Flen:=pos('.',FName); 
      if Flen>0 then SetLength(FName,Flen-1); 
      SaveDialog1.Filename:=FName+'.AHA'; 
      AssignFile(OutFText,SaveDialog1.Filename); 
      ReWrite(OutFText); 
      HeaderLines:=15; 
      HeaderLines:=29; 
 
      Y:=Log2(SizeS1+1); 
      M:=Trunc(Y); 
      if Y-M>0.025 then M:=M+1; 
      SizeS1New:=Round(Exp(M*Ln(2)))-1; 
      for I:=SizeS1+1 to SizeS1New do Sig[I]:=0; 
      SizeS1:=SizeS1New; 
      if SizeS1>SbufSize then begin 
        SizeS1:=SbufSize-1; 
        Str(SizeS1+1:0,Dstr); 
        StringGrid1.Cells[1,4]:=Dstr; 
      end; 
 
      with StringGrid1 do begin 
        for K:=0 to HeaderLines do begin 
          if (Cells[0,K]<>'') or (Cells[1,K]<>'') or 
(Cells[2,K]<>'') then begin 
            for I:=0 to 2 do begin 
              Application.ProcessMessages; 
              if I=2 then 
                WriteLn(OutFText,Cells[I,K]+char($20)) 







              else 
                
Write(OutFText,Cells[I,K]+char($20)+char($09)) 
            end 
          end 
        end 
      end; 
      for I:=0 to SizeS1 do begin 
        TrimFloat(Sig[I],Dstr); 
        WriteLn(OutFText,Dstr); 
      end; 
      CloseFile(OutFText); 
      ClearCanvas; 
      StringGrid1.Visible:=False; 
      FileOpen:=False; 
    end; 
    MainMenu1.Items[1].Enabled:=False; 
    ProgressBar1.Visible:=False; 
  end; 
end; 
 
procedure TForm1.SaveAHAwaveform1Click(Sender: TObject); 
var 
  Message1 : word; 
  I,K,M,Flen:integer; 
  FName:string; 
begin 
//  SizeS1:=262143; 
//  for I:=0 to SizeS1 do Sig[I]:=6894*RandG(0,1); 
  StringGrid1Entered:=False; 
  {SaveFileName:=OpenDialog1.Filename;} 
  
FilePath:=ANSIUpperCase(ExtractFilePath(OpenDialog1.Filenam
e)); 
  SaveDialog1.FileName:=OpenDialog1.Filename; 
  AssignFile(OutFText,SaveDialog1.Filename); 
  ReWrite(OutFText); 
  for K:=0 to HeaderLines do begin 
    for I:=0 to 2 do begin 
      Application.ProcessMessages; 
      if I=2 then 
        WriteLn(OutFText,StringGrid1.Cells[I,K]+char($20)) 
      else 
        
Write(OutFText,StringGrid1.Cells[I,K]+char($20)+char($09)); 
    end; 
  end; 
  Y:=Log2(SizeS1+1); 
  M:=Trunc(Y); 
  if Y-M>0.025 then M:=M+1; 
  SizeS1New:=Round(Exp(M*Ln(2)))-1; 







  for I:=SizeS1+1 to SizeS1New do Sig[I]:=0; 
  SizeS1:=SizeS1New; 
  for I:=0 to SizeS1 do begin 
    TrimFloat(Sig[I],Dstr); 
    WriteLn(OutFText,Dstr); 
  end; 
  CloseFile(OutFText); 
  ClearCanvas; 
  StringGrid1.Visible:=False; 
  FileOpen:=False; 
  MainMenu1.Items[1].Enabled:=False; 
  ProgressBar1.Visible:=False; 
end; 
 
procedure TForm1.GetHPDData; 
var 
  Er,Ei,Ir,Ii : array[1..10] of double; 
  F,W,W2,Ow,Re,Im,Mag,Phase,Alpha,Q : double; 
  Fmax,Ytop,Ybottom,Yinc,Ymx,Lp,V,D,Kgain,M,B : single; 
  
Flen,Hn,Wn,I,Nav,Kbegin,Kend,Nbegin,Nend,Nleak,Nleak1,Nleak
2,Npiston,Nmat1, 
    Nmat2,Neapts: integer; 
  DummyString : String; 
begin 
  Ln10:=Ln(10); 
(* 
  if PlotNew then begin 
    SaveForm; 
    PlotNew:=False; 
  end else begin 
    RestoreForm; 
  end; 
*) 
  RestoreForm; 
  St:=Htype[HPDchoice]; 
  St1:=copy(St,1,2); 
  Val(St1,Nfreq,Code);  Nfreq:=Nfreq{-1}; Neamod:=Nfreq; 
  St1:=copy(St,8,1); 
  if (St1='P') or (St1='N')  then MuffNotPlug:=False else 
MuffNotPlug:=True; 
  TitleLabel:=copy(St,10,length(St)-10+1); 
  AssignFile(InFText,AhaahDirectory+'\HPD Atten.txt');  
Reset(InFText); 
  AssignFile(OutFText,AhaahDirectory+'\HPD Atten Temp.txt'); 
Rewrite(OutFText); 
  for J:=0 to HPDChoice do begin 
    ReadLn(InFText,DummyString); 
WriteLn(OutFText,DummyString); 
    ReadLn(InFText,DummyString); 
WriteLn(OutFText,DummyString); 







    ReadLn(InFText,DummyString); 
WriteLn(OutFText,DummyString); 
    ReadLn(InFText,DummyString); 
WriteLn(OutFText,DummyString); 
  end; 
  ReadLn(InFText,DummyString); 
WriteLn(OutFText,DummyString); 
  Kk:=Length(TitleLabel); 
  St1:=Copy(DummyString,Kk+2,length(DummyString)-Kk-2); 
  K:=1; 
  for J:=0 to Nfreq do begin { freq } 
    St5:=ReadString(St1,K); 
    val(St5,Hpd[J,0],Code); 
    Hpd[J,0]:=1e3*Hpd[J,0]; 
    H[0,J]:=Hpd[J,0]; 
  end; 
  ReadLn(InFText,DummyString); 
WriteLn(OutFText,DummyString); 
  St1:=DummyString; 
  K:=1; 
  St5:=ReadString(St1,K); 
  Ymax:=-1e6; 
  for J:=0 to Nfreq do begin  { means } 
    St5:=ReadString(St1,K); 
    val(St5,Hpd[J,1],Code); 
    H[1,J]:=Hpd[J,1]; 
    if Hpd[J,1]>Ymax then Ymax:=Hpd[J,1] 
  end; 
  ReadLn(InFText,DummyString); 
WriteLn(OutFText,DummyString); 
  St1:=DummyString; 
  K:=1; 
  St5:=ReadString(St1,K); 
  Ymax:=-1e6; 
  for J:=0 to Nfreq do begin  { st dev } 
    St5:=ReadString(St1,K); 
    val(St5,Hpd[J,2],Code); 
    H[2,J]:=Hpd[J,2]; 
    H[1,J]:=H[1,J]+1*H[2,J] { mean minus 1 st.dev. } 
  end; 
  Y2max:=5; 
  Y2min:=Y2max-65; 
  Y2step:=StepSize((Y2max-Y2min)/30);  Ny:=5; 
  X2min:=Log10(Hpd[0,0])-1; X2max:=Log10(Hpd[Neamod,0])+1; 
  NeaPts:=200; 
  M:=(X2max-X2min)/(NeaPts-1); B:=X2min-M*1; 
  Pi2:=2*Pi; 
  St:='INSERTION LOSS (dB)'; St1:=''; {  St1:='DB REF 
20uPA';} 
  Yoffset:=0; 
  LogPlotNew:=True; 
  PlotLogAxes3; 







  with Canvas do begin 
    Pen.Mode:=pmcopy; 
    Pen.Color:=clBlack; 
    Pen.Width:=1; 
    Pen.Style:=psDash; 
    Xx:=X2min; Yy:=0; Scale2; MoveTo(Xin,Yin); 
    Xx:=X2max; Yy:=0; Scale2; LineTo(Xin,Yin); 
    Pen.Style:=psSolid; 
  end; 
//  Read(InFText,Lcup); 
  ReadLn(InFText,St4); 
  K:=1; 
  St5:=ReadString(St4,K); 
  St5:=ReadString(St4,K); 
  val(St5,Lcup,Code); 
// Lcup:=0; 
  if Lcup=0 then begin{ new fit } 
    if (Hpd[0,1]=0) and (Hpd[1,1]=0) and(Hpd[2,1]=0) then 
NoProtector:=True else NoProtector:=False; 
    Nleak1:=-1; 
    repeat Inc(Nleak1) until abs(Hpd[Nleak1,0]/125-1)<0.1; 
    Nleak:=-1; repeat Inc(Nleak) until abs(Hpd[Nleak,0]/250-
1)<0.1; {2k, 250, 250} 
    if MuffNotPlug then begin 
      Npiston:=-1; repeat Inc(Npiston) until 
abs(Hpd[Npiston,0]/2000-1)<0.1; {2000, 4000} 
    end else begin   { earplug } 
      Npiston:=-1; repeat Inc(Npiston) until 
abs(Hpd[Npiston,0]/2000-1)<0.1; {2000, 4000} 
    end; 
    Nmat1:=-1; repeat Inc(Nmat1) until 
abs(Hpd[Nmat1,0]/2000-1)<0.1; 
    Nmat2:=-1; repeat Inc(Nmat2) until 
abs(Hpd[Nmat2,0]/8000-1)<0.1; 
    HPDFile2:=HazFileName+'_STD'+'.AHA'; 
    if MuffNotPlug then 
      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\Seed_REAT_Values_Earmuff.txt') 
    else 
      ReadHPDSeedFile(AhaahDirectory+'\Dat\Hearing 
Protectors\Seed_REAT_Values_Earplug.txt'); 
    if Kskin>Kcush then begin 
      Temp:=Kskin; Kskin:=Kcush; Kcush:=Temp; 
      Temp:=Rskin; Rskin:=Rcush; Rcush:=Temp; 
    end; 
    Kbegin:=2;  Kend:=11; 
    if MuffNotPlug then begin 
      D:=abs(Hpd[Nleak1,1]-Hpd[Nleak,1]); 
      if D>3 then begin 
        V:=Exp(Ln10*Hpd[Nleak1,1]/20); 
        if V>=1 then V:=0.99; 
        V:=Sqrt(1/V-1); 







        Fleak:=1.5*Hpd[Nleak1,0]/V;{1.5} 
      end; 
      Nleak2:=0; 
      Nleak2:=-1; repeat Inc(Nleak2) until (Nleak2>Nfreq) or 
(Hpd[Nleak2,1]<-10); 
      Dec(Nleak2); 
      if (Nleak2>=0) and (Nleak2<=Nfreq) then begin 
        V:=Hpd[Nleak2,1]; 
        V:=Exp(Ln10*V/20); 
        if V>=1 then V:=0.99; 
        V:=Sqrt(1/V-1); 
        Fleak:=1.5*Hpd[Nleak2,0]/V; 
      end; 
    end else begin { earplug } 
      Lcup:=2/0.195;  { gm/cm^4 2gm/(Acoust area)^2 
Aa=Pi*(0.375cm)^2   7,2} 
      Fleak:=5; {5 1k 5} 
      if abs(Hpd[Nleak1,1]-Hpd[Nleak,1])>3 then begin 
        V:=Exp(Ln10*Hpd[Nleak1,1]/20); 
        if V>=1 then V:=0.99; 
        V:=Sqrt(1/V-1); 
        Fleak:=1.5*Hpd[Nleak1,0]/V; 
      end; 
      Nleak2:=0; 
      Nleak2:=-1; repeat Inc(Nleak2) until (Nleak2>Nfreq) or 
(Hpd[Nleak2,1]<-10); 
      Dec(Nleak2); 
      if (Nleak2>=0) and (Nleak2<=Nfreq) then begin 
        V:=Hpd[Nleak2,1]; 
        V:=Exp(Ln10*V/20); 
        if V>=1 then V:=0.99; 
        V:=Sqrt(1/V-1); 
        Fleak:=1.5*Hpd[Nleak2,0]/V; 
      end; 
    end; 
    Fleak1:=0.1;  {800   5 1.5k 40, 0.1} 
    Fleak2:=150; {1500 10 2k 1k 150 } 
    Fleak:=0.5*(Fleak1+Fleak2); 
    D:=(Hpd[Nmat2,1]-Hpd[Nmat1,1])/20; D:=Exp(Ln10*D); 
    if D >= 0.6 then begin 
      Q:=1.33*Sqrt(4*D*D-1); 
      V:=Exp(Ln10*Hpd[Nmat2,1]/20); 
      V:=2*V/Q; { low freq transfer function } 
      W:=Pi2*Hpd[Nmat2,0]; 
      Kmat:=Kcup*(1/V-1); 
      Lmat:=Kcup/(V*W*W); 
      Rmat:=Kcup*2/(Q*V*W); 
    end; 
 
    for Nfit:=1 to 10 do begin 
      case Nfit of 







        1: begin Delta:=Ln(10)/1000; Nn:=10 end; 
        2: begin Delta:=Ln(10)/100;  Nn:=10 end; 
        3: begin Delta:=Ln(10)/10;   Nn:=10 end; 
        4: begin Delta:=Ln(10)/1;    Nn:=10 end; 
        5: begin Delta:=Ln(10)/10;   Nn:=10 end; 
        6: begin Delta:=Ln(10)/100;  Nn:=10 end; 
        7: begin Delta:=Ln(10)/1000; Nn:=10 end; 
        8: begin Delta:=Ln(10)/100;  Nn:=10 end; 
        9: begin Delta:=Ln(10)/10;   Nn:=10 end; 
        10: begin Delta:=Ln(10)/100;   Nn:=10 end; 
      end; {case} 
      for K:=Kbegin to Kend do begin 
        Nbegin:=0; Nend:=Nfreq; 
        if MuffNotPlug then begin 
          case K of  { muff } 
            1:begin Temp:=Lcup; end; 
            2:begin Temp:=Kcup;  Nbegin:=Nleak; 
Nend:=Npiston end; 
            3:begin Temp:=Kskin; Nbegin:=Nleak; 
Nend:=Npiston end; 
            4:begin Temp:=Rskin; Nbegin:=Nleak; 
Nend:=Npiston end; 
            5:begin Temp:=Kcush; Nbegin:=Nleak; 
Nend:=Npiston end; 
            6:begin Temp:=Rcush; Nbegin:=Nleak; 
Nend:=Npiston end; 
            7:begin Temp:=Lleak; Nend:=Nleak end; 
            8:begin Temp:=Rleak; Nend:=Nleak end; 
            9:begin Temp:=Kmat; Nbegin:=Nmat1  end; 
           10:begin Temp:=Lmat; Nbegin:=Nmat1  end; 
           11:begin Temp:=Rmat; Nbegin:=Nmat1 {Nfreq-1} end; 
          end; 
        end else begin 
          case K of { earplug } 
            1:begin Temp:=Lcup; end; 
            2:begin Temp:=Kcup;  Nbegin:=Nleak; 
Nend:=Npiston end; 
            3:begin Temp:=Kskin; Nbegin:=Nleak; 
Nend:=Npiston end; 
            4:begin Temp:=Rskin; Nbegin:=Nleak; 
Nend:=Npiston end; 
            5:begin Temp:=Kcush; Nbegin:=Nleak; 
Nend:=Npiston end; 
            6:begin Temp:=Rcush; Nbegin:=Nleak; 
Nend:=Npiston end; 
            7:begin Temp:=Lleak; Nend:=Nleak end; 
            8:begin Temp:=Rleak; Nend:=Nleak end; 
            9:begin Temp:=Kmat; Nbegin:=Nmat1; 
Nbegin:=Npiston end; 
           10:begin Temp:=Lmat; Nbegin:=Nmat1; 
Nbegin:=Npiston end; 







           11:begin Temp:=Rmat; Nbegin:=Nmat1; 
Nbegin:=Npiston {Nfreq-1} end; 
          end; 
        end; 
       { Nbegin:=0; Nend:=Nfreq; } 
        for Kk:=-Nn to Nn do begin 
          Factor:=Exp(Kk*Delta); 
          case K of 
            1:Lcup:=Temp*Factor; 
            2:Kcup:=Temp*Factor; 
            3:Kskin:=Temp*factor; 
            4:Rskin:=Temp*Factor; 
            5:Kcush:=Temp*Factor; 
            6:Rcush:=Temp*factor; 
            7:Lleak:=Temp*Factor; 
            8:Rleak:=Temp*Factor; 
            9:Kmat:=Temp*Factor; 
           10:Lmat:=Temp*Factor; 
           11:Rmat:=Temp*Factor; 
           12:Kmat2:=Temp*Factor; 
           13:Lmat2:=Temp*Factor; 
           14:Rmat2:=Temp*Factor; 
          end; 
          Ssum:=0; 
          if MuffNotPlug then begin { earmuff } 
            for J:=Nbegin to Nend {Nfreq} do begin 
              W:=Pi2*Hpd[J,0];  W2:=W*W; Ow:=1/W; 
              Ir[2]:=1; Ii[2]:=0; 
              ComplexMul(Ir[2],Ii[2],Rskin,-
Ow*Kskin,Er[2],Ei[2]); 
              ComplexDiv(Er[2],Ei[2],Rcush,-
Ow*Kcush,Ir[3],Ii[3]); 
              Ir[1]:=Ir[2]+Ir[3]; Ii[1]:=Ii[2]+Ii[3]; 
              ComplexMul(Ir[1],Ii[1],0,W*Lcup,Er[3],Ei[3]); 
              Er[4]:=Er[2]+Er[3];  Ei[4]:=Ei[2]+Ei[3]; 
              
ComplexDiv(Er[4],Ei[4],Rleak,W*Lleak,Ir[4],Ii[4]); 
              ComplexDiv(Er[4],Ei[4],Rmat,W*Lmat-
Ow*Kmat,Ir[5],Ii[5]); 
              Ir[7]:=Ir[1]+Ir[4]+Ir[5]; 
Ii[7]:=Ii[1]+Ii[4]+Ii[5]; 
              ComplexMul(Ir[7],Ii[7],0,-
Ow*Kcup,Er[6],Ei[6]); 
              Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
              ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
              Mag:=10*log10(Sqr(Re)+Sqr(Im)); 
              Ssum:=Ssum+Sqr(Hpd[J,1]-Mag); 
            end 
          end else begin { earplug } 
            for J:=Nbegin to Nend {Nfreq} do begin 
              W:=Pi2*Hpd[J,0];  W2:=W*W; Ow:=1/W; 
              Ir[1]:=1; Ii[1]:=0; 







              ComplexMul(Ir[1],Ii[1],Rcush,W*Lcup-
Ow*Kcush,Er[1],Ei[1]); 
              
ComplexDiv(Er[1],Ei[1],Rleak,W*Lleak,Ir[2],Ii[2]); 
              ComplexDiv(Er[1],Ei[1],Rmat,W*Lmat-
Ow*Kmat,Ir[3],Ii[3]); 
              Ir[4]:=Ir[1]+Ir[2]+Ir[3]; 
Ii[4]:=Ii[1]+Ii[2]+Ii[3]; 
              ComplexMul(Ir[4],Ii[4],0,-
Ow*Kcup,Er[2],Ei[2]); 
              Er[3]:=Er[1]+Er[2];  Ei[3]:=Ei[1]+Ei[2]; 
              ComplexDiv(Er[2],Ei[2],Er[3],Ei[3],Re,Im); 
              Mag:=10*log10(Sqr(Re)+Sqr(Im)); 
              Ssum:=Ssum+Sqr(Hpd[J,1]-Mag); 
            end; 
          end; 
          if Kk=-Nn then begin 
            Ssum1:=Ssum; 
            Kr:=Kk; 
          end else begin 
            if Ssum<Ssum1 then begin 
              Ssum1:=Ssum; Kr:=Kk 
            end; 
          end; 
        end;{for Kk} 
        Factor:=Exp(Kr*Delta); 
        case K of 
          1:Lcup:=Temp*Factor; 
          2:Kcup:=Temp*Factor; 
          3:Kskin:=Temp*Factor; 
          4:Rskin:=Temp*Factor; 
          5:Kcush:=Temp*Factor; 
          6:Rcush:=Temp*Factor; 
          7:Lleak:=Temp*Factor; 
          8:Rleak:=Temp*Factor; 
          9:Kmat:=Temp*Factor; 
         10:Lmat:=Temp*Factor; 
         11:Rmat:=Temp*Factor; 
        end; 
      end;{ for K} 
      if MuffNotPlug then begin 
        Kplus:=Kcup+Kcush; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-0 then Alpha:=-0;  {30 10, 0, 20} 
        if Alpha<-15 then Alpha:=-15;  {60 45 60, 50} 
    Alpha:=-2.5; 
        Kplus:=Kcup/Exp(Alpha/20*Ln10); 
        Kcush:=Kplus-Kcup; 
        Alpha1:=Alpha; 
        Q:=Sqrt(Lcup*Kplus)/Rcush; 
        if Q>2 then Q:=2  {5 2,1,2,0.7,2.5} 
        else if Q<0.1 then Q:=0.1; 







//        Q:=2; 
        Rcush:=Sqrt(Lcup*Kplus)/Q; 
        F:=1/(2*Pi*Sqrt(Lcup/Kplus)); 
        if F<10 then F:=100; {200 500 4000, 6000 } 
        if F>3000 then F:=3000; {1.5 5k,3k } 
        if NoProtector then F:=20000; 
        Kplus:=Lcup*Sqr(2*Pi*F); 
//        Kcup:=Kplus-Kcush; 
        Kplus:=Kcup+Kskin; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-0 then Alpha:=-0; {30, 0} 
        if Alpha<-15 then Alpha:=-15; {60,50} 
//     Alpha:=-2.5; 
        Kplus:=Kcup/Exp(Alpha/20*Ln10); 
        Kskin:=Kplus-Kcup; 
        Alpha2:=Alpha; 
        Q:=Sqrt(Lcup*Kplus)/Rskin; 
        if Q>2{5 2,0.7,2.5} then Q:=2 
        else if Q<0.1 {0.7,2.5} then Q:=0.1; 
//        Q:=2; 
        Rskin:=Sqrt(Lcup*Kplus)/Q; 
        F:=1/(2*Pi*Sqrt(Lcup/Kplus)); 
        if F<10 then F:=100;  { 200 500 250} 
        if F>3000 then F:=3000;{ 2000 3000 } 
        if NoProtector then F:=20000; 
        Kplus:=Lcup*Sqr(2*Pi*F); 
//        Kcup:=Kplus-Kskin; 
        if Kskin>10*Kcush then Kskin:=10*Kcush; 
        if Kskin<0.1*Kcush then Kskin:=0.1*Kcush; 
        if Rskin>10*Rcush then Rskin:=10*Rcush; 
        if Rskin<0.1*Rcush then Rskin:=0.1*Rcush; 
        Alpha1:=0.5*(Alpha1+Alpha2); 
        if Kcup>1e8 then Kcup:=1e8; 
        if Kcup<1e5 then Kcup:=1e5; 
        if Kcush>1e10 then Kcush:=1e10; 
        if Kcush<1e5 then Kcush:=1e5; 
      end else begin { earplug } 
        Kplus:=Kcup+Kcush; 
        Alpha:=20*log10(Kcup/Kplus); 
        if Alpha>-0 then Alpha:=-0; {26 0, 20, 15} 
        if Alpha<-30 then Alpha:=-30; {30, 50} 
    Alpha:=-5; {50 20} 
        Kplus:=Kcup/Exp(Alpha/20*Ln10); 
        Kcush:=Kplus-Kcup; 
        Alpha1:=Alpha; 
        Q:=Sqrt(Lcup*Kplus)/Rcush; 
        if Q>0.7 then Q:=0.7   {2.5 1.5} 
        else if Q<0.1 then Q:=0.1; {0.1} 
//        Q:=0.707; {2} 
        Rcush:=Sqrt(Lcup*Kplus)/Q; 
        F:=1/(2*Pi*Sqrt(Lcup/Kplus)); 
        if F<5000 then F:=5000; {1 3 2 1.5k, 2k } 







        if F>10000 then F:=10000;  {1.5 8k  } 
        if NoProtector then F:=50000; 
        Kplus:=Lcup*Sqr(2*Pi*F); 
        Kcup:=Kplus-Kcush; 
        if Kcup>2e8 then Kcup:=2e8; {1e8} 
        if Kcup<1e5 then Kcup:=1e5; {1e5} 
      end; 
      if Lmat<1e-6 then Lmat:=1e-6; 
      Kplus:=Kcup+Kmat; 
      Alpha:=20*log10(Kcup/Kplus); 
      if MuffNotPlug then begin 
        if Alpha>-45 then Alpha:=-45;  { 45 35 30} 
        if Alpha<-60 then Alpha:=-60; 
        if NoProtector then Alpha:=0; 
      end else begin 
        if Alpha>-10 then Alpha:=-10; {-35 -46} 
        if Alpha<-27 then Alpha:=-27; {60} 
        if NoProtector then Alpha:=0; 
      end; 
    Alpha:=-30;  {18, 25 34 50} 
      Kplus:=Kcup/Exp(Alpha/20*ln(10)); 
      Kmat:=Kplus-Kcup; 
      F:=1/(2*Pi*Sqrt(Lmat/Kplus)); 
      if MuffNotPlug then begin 
        if F<4000 then F:=4000;{5k 2000, 4000} 
        if F>8000 then F:=8000;{ 8k, 10,000 16,000} 
        if NoProtector then F:=50000; 
        Lmat:=Kplus/Sqr(2*Pi*F); 
        Q:=Sqrt(Lmat*Kplus)/Rmat; 
        if Q>2.5 {10 5,2.5} then Q:=2.5 
        else if Q<0.5 {5,2.5} then Q:=0.5; 
//      Q:=1; 
        if NoProtector then Q:=0.7; 
        Rmat:=Sqrt(Lmat*Kplus)/Q; 
        F:=1/(2*Pi*Sqrt(Lleak/Kcup));            { leak 
restrictions } 
        if F<Fleak1 then F:=Fleak1; 
        if F>Fleak2 then F:=Fleak2; 
//        if F>Fleak then F:=Fleak; 
       F:=30; {30} 
        Lleak:=Kcup/Sqr(2*Pi*F); 
        Q:=Sqrt(Lleak*Kcup)/Rleak; 
        if Q>1{1, 3 2 1 0.707} then Q:=1 
        else if Q<0.1{0.2} then Q:=0.1; 
//       Q:=1; 
        Rleak:=Sqrt(Lleak*Kcup)/Q; 
      end else begin   {earplug} 
        if F<10000 then F:=10000;{8k 3k 4k 2000 } 
        if F>15000 then F:=15000;{10k 4k 5 8 6} 
        if NoProtector then F:=50000; 
        Lmat:=Kplus/Sqr(2*Pi*F); 
        Q:=Sqrt(Lmat*Kplus)/Rmat; 







        if Q>10 {5,2.5} then Q:=10 
        else if Q<0.1 then Q:=0.1; 
      Q:=5; {0.7 1.4 2.5 1.5 } 
        Rmat:=Sqrt(Lmat*Kplus)/Q; 
        F:=1/(2*Pi*Sqrt(Lleak/Kcup));            { leak 
restrictions } 
        Fleak1:=500; Fleak2:=1000; 
        if F<Fleak1 then F:=Fleak1; 
        if F>Fleak2 then F:=Fleak2; 
     F:=1; { 400 70, 0.1 } 
        Lleak:=Kcup/Sqr(2*Pi*F); 
        Q:=Sqrt(Lleak*Kcup)/Rleak; 
        if Q>3{2, 0.707} then Q:=3 
        else if Q<0.7{0.1, 0.2} then Q:=0.7; 
      Q:=1; {0.2, 1} 
        Rleak:=Sqrt(Lleak*Kcup)/Q; 
        Rskin:=10*Rcush; 
        Kskin:=10*Kcush; 
      end; 
      if NoProtector then begin 
 
      end; 
    end; {for Nfit} 
    Write(OutFText,chr(9)); 
    Write(OutFText,Lcup:12,chr(9)); 
    Write(OutFText,Kcup:12,chr(9)); 
    Write(OutFText,Kskin:12,chr(9)); 
    Write(OutFText,Rskin:12,chr(9)); 
    Write(OutFText,Kcush:12,chr(9)); 
    Write(OutFText,Rcush:12,chr(9)); 
    Write(OutFText,Lleak:12,chr(9)); 
    Write(OutFText,Rleak:12,chr(9)); 
    Write(OutFText,Kmat:12,chr(9)); 
    Write(OutFText,Lmat:12,chr(9)); 
    Write(OutFText,Rmat:12,chr(9)); 
    Write(OutFText,Kcush2:12,chr(9)); 
    Write(OutFText,Rcush2:12,chr(9)); 
    Write(OutFText,Lleak2:12,chr(9)); 
    Write(OutFText,Rleak2:12,chr(9)); 
    WriteLn(OutFText,'Electro-acoustic Circuit Values'); 
    while not EOF(InFText) do begin 
      ReadLn(InFText,DummyString); 
WriteLn(OutFText,DummyString); 
      ReadLn(InFText,DummyString); 
WriteLn(OutFText,DummyString); 
      ReadLn(InFText,DummyString); 
WriteLn(OutFText,DummyString); 
      ReadLn(InFText,DummyString); 
WriteLn(OutFText,DummyString); 
    end; 
    CloseFile(InFText); 







    CloseFile(OutFText); 
    if not RenameFile('HPD Atten.txt','Temp.txt') then 
MessageDlg('Error renaming file 1',mtInformation,[mbok],0); 
    if not RenameFile('HPD Atten Temp.txt','HPD Atten.txt') 
then MessageDlg('Error renaming file 
2',mtInformation,[mbok],0); 
    if not DeleteFile('Temp.txt') then MessageDlg('Error 
deleting file',mtInformation,[mbok],0); 
  end else begin  { read EACV } 
    Lcup:=Lcup; 
    St5:=ReadString(St4,K);val(St5,Kcup,Code);  // 
Read(InFText,Kcup); 
    St5:=ReadString(St4,K);val(St5,Kskin,Code); // 
Read(InFText,Kskin); 
    St5:=ReadString(St4,K);val(St5,Rskin,Code); // 
Read(InFText,Rskin); 
    St5:=ReadString(St4,K);val(St5,Kcush,Code); // 
Read(InFText,Kcush); 
    St5:=ReadString(St4,K);val(St5,Rcush,Code); // 
Read(InFText,Rcush); 
    St5:=ReadString(St4,K);val(St5,Lleak,Code); // 
Read(InFText,Lleak); 
    St5:=ReadString(St4,K);val(St5,Rleak,Code); // 
Read(InFText,Rleak); 
    St5:=ReadString(St4,K);val(St5,Kmat,Code);  // 
Read(InFText,Kmat); 
    St5:=ReadString(St4,K);val(St5,Lmat,Code);  // 
Read(InFText,Lmat); 
    St5:=ReadString(St4,K);val(St5,Rmat,Code);   // 
Read(InFText,Rmat); 
    St5:=ReadString(St4,K);val(St5,Kcush2,Code); // 
Read(InFText,Kcush2); 
    St5:=ReadString(St4,K);val(St5,Rcush2,Code); // 
Read(InFText,Rcush2); 
    St5:=ReadString(St4,K);val(St5,Lleak2,Code);  // 
Read(InFText,Kmat2); 
    St5:=ReadString(St4,K);val(St5,Rleak2,Code);  // 
Read(InFText,Rmat2); 
    CloseFile(InFText); 
    CloseFile(OutFText); 
  end; 
  OLcup:=1/Lcup; 
  Orskincush:=1/(Rskin+Rcush); 
  Kskincush:=Kskin+Kcush; 
  TimeDomainModel4; 
  if (ModelNo=1) and MuffNotPlug then {human muff ABQ } 
    TimeDomainModel10 { 10: Canal entrance } 
  else if (ModelNo=1) and not MuffNotPlug then {human plug 
never happens} 
    TimeDomainModel9 { 9: eardrum } 
  else if (ModelNo=4) and MuffNotPlug then {manikin muff} 
    TimeDomainModel9 { 9: eardrum } 







  else if (ModelNo=4) and not MuffNotPlug then {manikin plug} 
    TimeDomainModel9; { 9: Eardrum  } 
  Sx:=S1x; Sy:=S1y; Xmin:=X1min; Xmax:=X1max; 
  Ymin:=Y1min; Ymax:=Y1max; Yoffset:=Y1offset; 
YLabelWidth:=Y1LabelWidth; 
  with Canvas do begin 
    pen.color:=clGreen; 
    for K:=0 to SizeS1 do begin 
      Xx:=(Tb+K*Dt)*1e3; Yy:=Sig1[K]*1e-3; 
      Scale; 
      if K=0 then MoveTo(Xin,Yin) else LineTo(Xin,Yin);// 
Sig[J]:=Sig1[J]; 
    end; 
    with Canvas do begin 
      Pen.Color:=clGreen; 
      for K:=0 to Neamod do begin 
        PlotPoly2(log10(H[0,K]),H[1,K],3); 
      end; 
    end; 
  end; 
  with Canvas do begin 
    Pen.Style:=psSolid; 
    Pen.Mode:=pmcopy;  { Pen.Color:=clSilver;} 
    Pen.Color:=clLime; { Total transfer } 
    for I:=1 to NeaPts do begin 
      Xx:=M*I+B; 
      F:=Exp(Ln10*Xx); 
      W:=Pi2*F;  W2:=W*W; Ow:=1/W; 
      Ir[2]:=1; Ii[2]:=0; 
      ComplexMul(Ir[2],Ii[2],Rskin,-Ow*Kskin,Er[2],Ei[2]); 
      ComplexDiv(Er[2],Ei[2],Rcush,-Ow*Kcush,Ir[3],Ii[3]); 
      Ir[1]:=Ir[2]+Ir[3]; Ii[1]:=Ii[2]+Ii[3]; 
      ComplexMul(Ir[1],Ii[1],0,W*Lcup,Er[3],Ei[3]); 
      Er[4]:=Er[2]+Er[3]; Ei[4]:=Ei[2]+Ei[3]; 
      ComplexDiv(Er[4],Ei[4],Rleak,W*Lleak,Ir[4],Ii[4]); 
      ComplexDiv(Er[4],Ei[4],Rmat,W*Lmat-
Ow*Kmat,Ir[5],Ii[5]); 
      Ir[7]:=Ir[1]+Ir[4]+Ir[5];  Ii[7]:=Ii[1]+Ii[4]+Ii[5]; 
      ComplexMul(Ir[7],Ii[7],0,-Ow*Kcup,Er[6],Ei[6]); 
      Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
      ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
//    Xx:=log10(F); 
      Yy:=20*Log10(Mag); 
      Scale2; if I=1 then 
        MoveTo(Xin,Yin) 
      else 
        LineTo(Xin,Yin); 
    end; 
    Pen.Color:=clGray;  { Mass Piston } 
    for I:=1 to NeaPts do begin 
      Xx:=M*I+B; 







      F:=Exp(Ln10*Xx); 
      W:=Pi2*F;  W2:=W*W; Ow:=1/W; 
      Ir[2]:=1;            Ii[2]:=0; 
      ComplexMul(Ir[2],Ii[2],Rskin,-Ow*Kskin,Er[2],Ei[2]); 
      ComplexDiv(Er[2],Ei[2],Rcush,-Ow*Kcush,Ir[3],Ii[3]); 
      Ir[1]:=Ir[2]+Ir[3];  Ii[1]:=Ii[2]+Ii[3]; 
      ComplexMul(Ir[1],Ii[1],0,W*Lcup,Er[3],Ei[3]); 
      Er[4]:=Er[2]+Er[3];  Ei[4]:=Ei[2]+Ei[3]; 
      Ir[6]:=Ir[1];        Ii[6]:=Ii[1]; 
      ComplexMul(Ir[6],Ii[6],0,-Ow*Kcup,Er[6],Ei[6]); 
      Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
      ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Yy:=20*Log10(Mag); 
      Scale2; if I=1 then 
        MoveTo(Xin,Yin) 
      else 
        LineTo(Xin,Yin); 
    end; 
    Pen.Color:=clBlue;  {Leak} 
    for I:=1 to NeaPts do begin 
      Xx:=M*I+B; 
      F:=Exp(Ln10*Xx); 
      W:=Pi2*F;  W2:=W*W; Ow:=1/W; 
      Ir[4]:=1;            Ii[4]:=0; 
      ComplexMul(Ir[4],Ii[4],Rleak,W*Lleak,Er[4],Ei[4]); 
      Ir[6]:=Ir[4];  Ii[6]:=Ii[4]; 
      ComplexMul(Ir[6],Ii[6],0,-Ow*Kcup,Er[6],Ei[6]); 
      Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
      ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Yy:=20*Log10(Mag); 
      Scale2; if I=1 then 
        MoveTo(Xin,Yin) 
      else 
        LineTo(Xin,Yin); 
    end; 
    Pen.Color:=clBlack;  { Material } 
    for I:=1 to NeaPts do begin 
      Xx:=M*I+B; 
      F:=Exp(Ln10*Xx); 
      W:=Pi2*F;  W2:=W*W; Ow:=1/W; 
      Ir[4]:=1;            Ii[4]:=0; 
      ComplexMul(Ir[4],Ii[4],Rmat,W*Lmat-
Ow*Kmat,Er[4],Ei[4]); 
      Ir[6]:=Ir[4];  Ii[6]:=Ii[4]; 
      ComplexMul(Ir[6],Ii[6],0,-Ow*Kcup,Er[6],Ei[6]); 
      Er[5]:=Er[4]+Er[6];  Ei[5]:=Ei[4]+Ei[6]; 
      ComplexDiv(Er[6],Ei[6],Er[5],Ei[5],Re,Im); 
      Polar(Re,Im,Mag,Phase); 
      Yy:=20*Log10(Mag); 
      Scale2; if I=1 then 







        MoveTo(Xin,Yin) 
      else 
        LineTo(Xin,Yin); 
    end; 
    Xx:=0.95*X2min+0.05*X2max; 
    Ytop:=0.7; Ybottom:=0.9; Yinc:=(Ybottom-Ytop)/4; 
    Yy:=Ytop*Y2min+(1-Ytop)*Y2max; 
    Scale2; 
    Kk:=0; 
    Font.Color:=clLime; 
    St:='TOTAL LOSS'; 
    LabelOut(Xin,Yin,Kk,St); 
    Yy:=(Ytop+1*Yinc)*Y2min+(1-Ytop-1*Yinc)*Y2max; 
    Scale2; 
    Kk:=0; 
    Font.Color:=clGray; 
    St:='EARMUFF AS RIGID PISTON'; 
    LabelOut(Xin,Yin,Kk,St); 
    Yy:=(Ytop+2*Yinc)*Y2min+(1-Ytop-2*Yinc)*Y2max; 
    Scale2; 
    Kk:=0; 
    Font.Color:=clBlue; 
    St:='LEAKAGE AROUND EARMUFF'; 
    LabelOut(Xin,Yin,Kk,St); 
    Yy:=(Ytop+3*Yinc)*Y2min+(1-Ytop-3*Yinc)*Y2max; 
    Scale2; 
    Kk:=0; 
    Font.Color:=clBlack; 
    St:='MATERIAL DEFORMATION'; 
    LabelOut(Xin,Yin,Kk,St); 
    Yy:=(Ytop+4*Yinc)*Y2min+(1-Ytop-4*Yinc)*Y2max; 
    Scale2; 
    Kk:=0; 
//    LabelOut(Xin,Yin,Kk,St); 
    Font.Color:=clBlack; 
    Str((Jj-2) div 4 + 1:0,St); 
    Str((Jj-2) mod 4 + 1:0,St1); 
    Yy:=(Ytop-1*Yinc)*Y2min+(1-Ytop+1*Yinc)*Y2max; 
    Scale2; 
    Kk:=0; 
//    LabelOut(Xin,Yin,Kk,'Subject '+St+' Trial '+St1); 
 
    Xx:=0.65*X2min+0.35*X2max; 
    Yy:=0.025*Y2min+0.975*Y2max; 
    Scale2; 
    Kk:=0; 
    Font.Color:=clBlack; 
    St:=TitleLabel; {Dstr8;} 
    LabelOut(Xin,Yin,Kk,St); 
  end; 
 







  FName:=ExtractFileName(OpenDialog1.Filename); 
  Flen:=pos('.',FName); 
  if Flen>0 then SetLength(FName,Flen-1); 
  SaveDialog1.Filename:=FName+'_'+TitleLabel+'.AHA'; 
  AssignFile(OutFText,SaveDialog1.Filename); 
  ReWrite(OutFText); 
  HeaderLines:=29; 
 
  Y:=Log2(SizeS1+1); 
  M:=Trunc(Y); 
  if Y-M>0.025 then M:=M+1; 
  SizeS1New:=Round(Exp(M*Ln(2)))-1; 
  for I:=SizeS1+1 to SizeS1New do Sig[I]:=0; 
  SizeS1:=SizeS1New; 
  if SizeS1>SbufSize then begin 
    SizeS1:=SbufSize-1; 
    Str(SizeS1+1:0,Dstr); 
    StringGrid1.Cells[1,4]:=Dstr; 
  end; 
  with StringGrid1 do begin 
    if ModelNo=5 then Cells[1,3]:='1' 
    else if ModelNo=1 then Cells[1,3]:='2' else 
Cells[1,3]:='3'; {Human or manikin} 
    Cells[2,3]:='1: Free-field near Human, 2: Ear-canal 
entrance, 3: Eardrum, 4: Free-field near Manikin, 5: Free-
field alone'; 
    for K:=0 to HeaderLines do begin 
      if (Cells[0,K]<>'') or (Cells[1,K]<>'') or 
(Cells[2,K]<>'') then begin 
        for I:=0 to 2 do begin 
          Application.ProcessMessages; 
          if I=2 then 
            WriteLn(OutFText,Cells[I,K]+char($20)) 
          else 
            Write(OutFText,Cells[I,K]+char($20)+char($09)) 
        end 
      end 
    end 
  end; 
  for I:=0 to SizeS1 do begin 
    TrimFloat(Sig1[I],Dstr); 
    WriteLn(OutFText,Dstr); 
  end; 
  CloseFile(OutFText); 
end; 
 
procedure TForm1.Importwaveform1Click(Sender: TObject); 
var 
  ColStr : STRING; 
  h,w,Attributes,Done : integer; 
  I,J,K : longint; 







begin 
  OverlayColor:=1; 
  ImportOpen:=True; 
  PlotNew:=True; 
  if MovieOpen then CancelMovieClick(Sender); 
  h:=Form1.ClientHeight; 
  w:=Form1.ClientWidth; 
  with StringGrid1 do begin 
    Height:=Round(0.5*h)-0*4; 
    top:=0; 
    left:=0; 
    Width:=w; 
    ColWidths[0]:=Round(0.2*w); 
    ColWidths[1]:=Round(0.1*w); 
    ColWidths[2]:=Round(0.66*w); 
    Visible:=True; 
    Cells[0,0]:='PARAMETER'; 
    Cells[1,0]:='VALUE'; 
    Cells[2,0]:='COMMENT'; 
    Cells[0,1]:='Title for waveform plot'; 
    Cells[1,1]:=''; 
    Cells[2,1]:='NEW SOURCE'; 
    Cells[0,2]:='Sampling rate'; 
    Cells[1,2]:='200000'; 
    Cells[2,2]:='(samples/sec = 1e6/Dt, Dt=time/sample 
(microseconds) 44100 for WAV files)'; 
    Cells[0,3]:='Microphone relative to ear'; 
    Cells[1,3]:='1'; 
    Cells[2,3]:='1: Free-field near Human, 2: Ear-canal 
entrance, 3: Eardrum, 4: Free-field near Manikin, 5: Free-
field alone'; 
    Cells[0,4]:='Number of Samples'; 
    Cells[1,4]:=''; 
    Cells[2,4]:='typically 4096 or 8192 rounded to nearest 
power of two during analysis'; 
    Cells[0,5]:='Nu'; 
    Cells[1,5]:=''; 
    Cells[2,5]:='allowed number of unwarned exposures'; 
    Cells[0,6]:='Nw'; 
    Cells[1,6]:=''; 
    Cells[2,6]:='allowed number of warned exposures'; 
    Cells[0,7]:='Peak pressure level'; 
    Cells[1,7]:=''; 
    Cells[2,7]:='dB'; 
    Cells[0,8]:='Establish start level'; 
    Cells[1,8]:=''; 
    Cells[2,8]:='dB'; 
    Cells[0,9]:='LAeq8hr'; 
    Cells[1,9]:=''; 
    Cells[2,9]:='dB'; 
    Cells[0,10]:='A-weighted energy'; 
    Cells[1,10]:=''; 







    Cells[2,10]:='joules per square meter'; 
    Cells[0,11]:='Na'; 
    Cells[1,11]:=''; 
    Cells[2,11]:='allowed number of exposures based on A-
weight energy at eardrum of manikin'; 
    Cells[0,12]:='N1'; 
    Cells[1,12]:=''; 
    Cells[2,12]:='allowed number of single hearing protected 
exposures MIL-STD-1474D'; 
    Cells[0,13]:='N2'; 
    Cells[1,13]:=''; 
    Cells[2,13]:='allowed number of double hearing protected 
exposures'; 
    Cells[0,14]:='Ta'; 
    Cells[1,14]:=''; 
    Cells[2,14]:='A-duration milliseconds'; 
    Cells[0,15]:='Tb'; 
    Cells[1,15]:=''; 
    Cells[2,15]:='B-duration milliseconds'; 
    for K:=16 to 29 do 
      for I:=0 to 2 do Cells[I,K]:=''; 
  end; 
  Memo3.Visible:=False; 
  OpenDialog1.Filter:='All files *.*|*.*|WAV files|*.WAV'; 
  OpenDialog1.DefaultExt:='*'; 
  if OpenDialog1.Execute then begin 
    GetDir(0,CurrentDirectory); 
    StringGrid1.Visible:=True; 
    
FE:=ANSIUpperCase(ExtractFileExt(OpenDialog1.Filename)); 
    FileName:=ExtractFileName(OpenDialog1.Filename); 
    Attributes:=FileGetAttr(FileName); 
 
    Attributes:=Attributes and not (faReadOnly or faHidden); 
    Done:=FileSetAttr(FileName,Attributes); 
    Application.processmessages; 
 
    Form1.Caption:='AHAAH INTENSE SOUND HAZARD IMPORTING 
FILE: '+FileName; 
    PopupMenu1.AutoPopUp:=true; 
    MainMenu1.Items[1].Enabled:=False;          { Analyze } 
    MainMenu1.Items[0].Items[4].Enabled:=False; { Save AHA } 
    MainMenu1.Items[0].Items[5].Enabled:=True;  { Save AHA 
AS} 
    OpenNewFileType4; 
    PressureTimePlot; 
    OpenDialog1.InitialDir:=''; 
  end; 
end; 
 







procedure 
TForm1.N2Freefieldandprotectedwaveforms1Click(Sender: 
TObject); 
begin 
  N51Click(Sender); 
end; 
 
procedure TForm1.Copyospectrumtoclipboard1Click(Sender: 
TObject); 
var 
  bitmap : TBitmap; 
  R1,R2 : TRect; 
begin 
  { rectangle around waveform on form } 
  with R1 do begin 
    Left:=0; Top:=0; 
    Right:=clientwidth; Bottom:=clientheight div 2; 
  end; 
  { rectangle around waveform on bitmap} 
  with R2 do begin 
    Left:=0; Top:=0; 
    Right:=clientwidth; Bottom:=clientheight div 2; 
  end; 
  bitmap:=TBitmap.Create; 
  bitmap.width :=clientwidth; 
  bitmap.height:=clientheight div 2; 
  bitmap.Canvas.CopyRect(R2,form1.canvas,R1); 
  clipboard.assign(bitmap); 
  bitmap.free; 
end; 
 
procedure TForm1.FormDblClick(Sender: TObject); 
begin 
  if PressureTimePlot1 then begin 
    Cst:='Max Pa'; Cfirst:=5*Prmin; Clast:=5*PrMax; 
    GetNumR(Cst,Cfirst,Clast,PrMax); 
    Cst:='Min Pa'; Cfirst:=5*Prmin; Clast:=5*PrMax; 
    GetNumR(Cst,Cfirst,Clast,PrMin); 
    PressureTimePlot; 
    PressureTimePlot1:=False; 
  end; 
end; 
 
procedure TForm1.Highpass1Click(Sender: TObject); 
var 
  Nf,M : integer; 
  
Ks,W,ReA,ImA,Re,Im,Eps,G,Cosh,Sinh,Sin1,Cos1,Con,Con1,Con2,
SigK,OmgK,Rip,Wcut,T  : double; 
begin 
  New(Xr); New(Xi); New(X1r); New(X1i); 







  Fcut:=100;{20, 3.1; } 
  Pi2:=2*Pi; 
  Wcut:=Pi2*Fcut;   { first order high pass filter } 
  Nn:=2*Nn; {XXX} 
  N:=Nn div 2; 
  F1:=1/(Nn*Dt); 
  Fmax:=N*F1; 
  J:=0; K:=1; 
  repeat 
    Xr^[K]:=Sig[J]; Inc(J); 
    Xi^[K]:=Sig[J]; Inc(J); 
    Inc(K); 
  until K>N; 
  ForwardFft(N,Dt,Xr,Xi); 
  Con2:=Pi2*F1; 
  Jj:=1; 
  for J:=0 to N do begin 
    W:=Con2*J; 
//    ComplexDiv(0,W,Wcut,W,Re,Im);              { 1st order 
} 
    ComplexDiv(-W*W,0,Wcut*Wcut-W*W,W*Wcut,Re,Im);     { 2nd 
order } 
    X1r^[Jj]:=Re; X1i^[Jj]:=Im; 
    Inc(Jj); 
  end; 
  for J:=1 to N+1 do begin 
    Temp:=X1r^[J]*Xr^[J]-X1i^[J]*Xi^[J]; 
    Xi^[J]:=X1i^[J]*Xr^[J]+X1r^[J]*Xi^[J]; 
    Xr^[J]:=Temp; 
  end; 
  Xi^[1]:=0; 
  Xi^[N+1]:=0; 
  InverseFft(N,Dt,Xr,Xi); 
  J:=0; K:=1; 
  repeat 
    Sig[J]:=Xr^[K]; Inc(J); 
    Sig[J]:=Xi^[K]; Inc(J); 
    Inc(K) 
  until K>N; 
  Canvas.Pen.Color:=clRed; 
  for J:=0 to N do begin 
    Xx:=(Tb+J*Dt)*1e3; Yy:=Sig[J]*1e-3; scale; 
    if J=0 then Canvas.MoveTo(Xin,Yin) else 
Canvas.LineTo(Xin,Yin); 
  end; 
  Dispose(Xr); Dispose(Xi); Dispose(X1r); Dispose(X1i); 
end; 
 
 
procedure TForm1.LowPass1Click(Sender: TObject); 
var 







  Nf,M : integer; 
  
Ks,W,ReA,ImA,Re,Im,Eps,G,Cosh,Sinh,Sin1,Cos1,Con,Con1,Con2,
SigK,OmgK,Rip,Wcut,T  : double; 
begin 
  New(Xr); New(Xi); New(X1r); New(X1i); 
  Fcut:=8000;{20, 3.1; } 
  Pi2:=2*Pi; 
  Wcut:=Pi2*Fcut;   { first order high pass filter } 
  Nn:=2*Nn; {XXX} 
  N:=Nn div 2; 
  F1:=1/(Nn*Dt); 
  Fmax:=N*F1; 
  J:=0; K:=1; 
  repeat 
    Xr^[K]:=Sig[J]; Inc(J); 
    Xi^[K]:=Sig[J]; Inc(J); 
    Inc(K); 
  until K>N; 
  ForwardFft(N,Dt,Xr,Xi); 
  Con2:=Pi2*F1; 
  Jj:=1; 
  for J:=0 to N do begin 
    W:=Con2*J; 
    ComplexDiv(Wcut,0,Wcut,W,Re,Im); 
    X1r^[Jj]:=Re; X1i^[Jj]:=Im; 
    Inc(Jj); 
  end; 
  for J:=1 to N+1 do begin 
    Temp:=X1r^[J]*Xr^[J]-X1i^[J]*Xi^[J]; 
    Xi^[J]:=X1i^[J]*Xr^[J]+X1r^[J]*Xi^[J]; 
    Xr^[J]:=Temp; 
  end; 
  Xi^[1]:=0; 
  Xi^[N+1]:=0; 
  InverseFft(N,Dt,Xr,Xi); 
  J:=0; K:=1; 
  repeat 
    Sig[J]:=Xr^[K]; Inc(J); 
    Sig[J]:=Xi^[K]; Inc(J); 
    Inc(K) 
  until K>N; 
  Canvas.Pen.Color:=clRed; 
  for J:=0 to N do begin 
    Xx:=(Tb+J*Dt)*1e3; Yy:=Sig[J]*1e-3; scale; 
    if J=0 then Canvas.MoveTo(Xin,Yin) else 
Canvas.LineTo(Xin,Yin); 
  end; 
  Dispose(Xr); Dispose(Xi); Dispose(X1r); Dispose(X1i); 
end; 
 







procedure TForm1.ApplyEarProtector1Click(Sender: TObject); 
begin 
  RestoreForm; 
  StringGrid1.Visible:=True; 
end; 
 
procedure TForm1.Help2Click(Sender: TObject); 
begin 
  StringGrid1.Visible:=False; 
  RestoreForm; 
//  Form1.Canvas.Draw(0,0,CopyBitMap2); 
  Form1.Canvas.StretchDraw(Form1.ClientRect,CopyBitMap2); 
  HelpDisplayed:=True; 
end; 
 
end. 
 
 
 





